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ABSTRACT 


TH«  initiol  colibrotion  experiments  performed  at  the  Radiation 
o'  ♦he  S:.wi.tjrcs  Dcvclcprcrf  Center  ore  described 

ond  their  results  onol/zed.  The  dose  rote  above  an  open  field  arid  the  ottenuotion 
afforded  by  the  steel  frame  of  the  test  structure  is  calculated  and  foor>d  to  ogree 
well  with  experiment  when  modified  colculatiorvol  procedures  are  used.  The 
cumulative  angulor  distribution  of  direct  rodiotion  is  found  to  be  as  much  os 
fourteen  percent  above  thot  predicted  by  theory  over  the  range  investigated. 
Several  modifications  of  presently  used  colculatiorKil  b  chniques  are  suggested. 
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SUMMARY 


BACKGROUND 

This  report  covers  the  mitiol  proorom  of  the  Radiohon  Test  Facility  and 
occordingly  describes  in  great  detoil  the  physicol  plon  of  the  test  focility,  the  major 
items  of  equipment  to  be  used  at  the  facility,  and  the  various  standardization  ond  cali¬ 
bration  procedures  used  to  determine  the  parameters  of  the  present  equipment  used.  Two 
test  series  were  undertaken  in  this  program.  The  first  series  of  measurements  was  directed 
toward  developing  a  better  understonding  of  the  effects  of  minor  variations  in  the  ground 
smoothness  of  the  test  field  on  ti-^e  dose  rote  within  the  test  structure.  The  second  series 
of  tests  were  directed  toword  measurements  of  the  perturbotions  introduced  in  the  radiation 
field  by  the  steel  skeleton  supporting  the  test  structures, 

RESULTS 

The  first  test  series,  consisting  of  the  meosurement  of  dose  rote  above  a 
field  contamifKited  with  cobolt-60  of  452  ft*  radius,  indicated  that  the  deporture  of 
the  test  field  from  a  smooth  plane  produced  Of>ly  minor  variations  in  dose  rate.  At  the 
lowermost  detector  positions  of  one,  three  and  six  feet  heights  ground  roughness  caused 
dose  reductions  at  the  center  of  the  test  structure  of  32,  12  and  3  percent  respectively.  * 

A  standord  value  of  464  Roentgens  per  hour/curie  per  square  foot,  three  feet  above  on 
infinite  smooth  contaminated  plane  was  determined  from  these  tests  and  found  to  agree 
well  with  previous  mecsuremeots.  The  dose  variation  with  height  above  the  plane  showed 
excellent  agreement  with  thot  predicted  from  theoretical  procedure  developed  by 
Spencer  (Ref*  1).  The  results  indicate,  however,  that  the  theoretical  value  of  the 
cumulotive  angular  distribution  function  for  direct  radlotion,  h),  on  important 

parameter  in  the  computation  of  the  above  ground  dose  rote  in  a  structure,  is  low  by  as 
much  as  fourteen  percent  for  values  of  u  greater  than  about  0.  2. 

The  second  series  of  experiments  was  directed  to  determining  the  pertur¬ 
bations  introduced  in  the  radiation  field  by  the  steel  skeleton  of  the  test  structure.  It 
was  determined  from  this  series  of  experiments  that  with  minor  modification^  "Engineering 
•With  reference  to  the  values  obtained  above  on  infinite  smoctti  plar^e. 


Kl 


2  3 

Manuoi"  *  type  calculotioni  predicted  to  fair  accuracy  the  effect  of  the  steel  fror?^ 
and  the  calculoted  values  of  h)  slightly  underestimate  the  true  contribution  of 
‘’direct  fodtotion'*  for  the  votues  of  u,  h  of  these  experiments.  The  azimuthol  sector 
method  of  occounting  for  variations  in  wall  mass  thickness  in  the  theoretical  treatment 
was  found  to  give  good  ogreement  with  experiment  while  the  usual  technique  of  moss 
smeoring  to  hondle  variations  in  floor  and  ceilirtg  structure  was  found  to  give  poor 
agreement  with  experiment,  A  new  technique  of  summing  the  areo  weighted  barrier 
factors  for  eoch  differential  variation  in  floor  and  ceiling  thickness  is  proposed.  This 
technique  is  described  by  the  equation; 


I 

r 

n  =  1 


A  B  (x  ) 


where 


A 

n 

X 

n 

A 


the  effective  borrier  factor  introduced  by  the 
floor  or  ceiling 

the  area  of  the  n^^  region  of  floor  thickness 

the  thickness  of  the  region  of  floor 
thickness 

the  borrier  foctor  of  o  slab  of  thickness  x 

n 

the  total  areo  of  the  floor  or  ceiling 


Results  of  colculations  using  this  technique  are  found  to  agree  well  with 
the  experimental  data  obtained  for  both  center  and  off  center  positions  in  the  steel  structure. 
For  practical  structures  with  floor  slobs  of  40  psf  or  more  the  effect  of  thickness  variation 
might  be  greatly  subdued,  consequently,  the  above  technique  is  not  recommended  for 
general  use  until  more  reolistic  structural  configurations  are  studied. 
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CHAPTER  1 


INTRODUCTION 

Durirvg  the  post  seven  years  the  Office  of  Civil  Defense  has  carried  ovif 
continuous  research  on  the  problem  of  shelter  from  folio jt  radiation.  Port  of  this  research 
hq$  been  directed  toward  the  investigation  and  developfr>cnt  of  shelter  ar^olysis  techniques. 
Theoreticol  studies  have  been  performed  to  provide  some  understanding  of  the  mechonism 
of  radiation  atter>uation  in  complex  structures  and  to  develop  computational  techniques 
for  designing  or  analyzing  structures  for  trteir  resistance  to  foilout  radiation.  Experi¬ 
mental  programs  have  also  been  performed  to  evaluate  some  of  the  arxalytical  procedures 
that  have  been  developed,  to  provide  empirical  design  data  for  shielding  arxilysis,  and 
to  guide  the  further  development  of  analytical  programs  and  design  methods. 

’^hese  design  methods  were,  for  the  most  p>ort,  developed  from  theoreticol 

data  generoted  i‘y  a  series  of  Moments  Method  and  Monte-Carlo  style  calculations  in 

idealized  geometries.  ^  The  results  from  the  elaborate  Moments  Method  and  Ktonte-Corlo 

2  3  4 

calculations  were  used  to  prepare  simplified  analytical  technique  '  '  for  computing 
the  radiation  attenuation  afforded  by  real  structures.  In  the  preparation  of  these 
techniques,  various  ‘;mpu)lant  ossunrptions  had  to  be  made  os  to  the  modes  of  penetration 
of  radiation  ond  Ihe  sspcrobil ity  of  the  geometric  and  barrier  effects  on  the  attenuation 
of  the  radiation,  and  it  was  important  that  these  assumptions  be  checked  by  experiment. 
Some  initial  experiments  designed  for  this  purpose  were  carried  out  on  existing  structures 
using  cobalt-60  as  a  fallout  simulant.  These  experiments^'^  while  extremely  fruitful 
in  many  respects,  indicated  the  vital  need  for  further  experimentation  under  both  simple 
and  complex  geometric  configurations  if  an  adequate  evaluotion  of  the  computational 
procedures  wos  to  be  made. 

During  the  inlhal  experiments  (1958-1961)  it  was  found  extremely  difficult 
to  obtain  access  to  structures  having  both  the  desired  geometric  features  and  the  pre¬ 
requisite  clearance  area  for  efficient  experimentation.  In  addition,  experimentation  on 
such  few  structures  that  were  available  required  a  "field  team"  effort  thot  was  uneconomical 


in  light  of  the  generol  type  of  dote  obtained  and  improcticol  to  maintain  on  a  con¬ 
tinuous  basis. 

As  o  direct  result  of  these  preliminary  tests  o  decision  was  mode  to  proceed 
with  on  investigotion  of  structures  of  simple  geometry  using  both  a  scale  modeling 
technique  or>d  full  scale  testing.  To  eiimiriate  many  of  the  problems  associated  with 
full  scale  testing  a  test  facility  was  established  for  performing  the  detailed  experimental 
evaluotion  of  shieldir^g  computaf iorKsI  techniques.  This  report  describes  this  ^uli  scole 
test  facility  (located  at  the  Protective  Structures  Development  Center^  Fort  Belvoir,  Vo.) 
ond  the  initiol  ’'colibiotion"  ond  stondordizotion  experiments  that  hove  been  performed. 

A  very  detailed  description  is  presented  of  the  test  facility,  the  experi¬ 
mental  equipment,  ar>d  the  calibrotion  procedures  used.  This  is  done  for  several  len&ons. 
A  complete  understondi ng  of  the  equipment  ond  test  procedures  will  allow  other  investi¬ 
gators  to  assess  the  reliability  and  significance  of  the  doto  obtained.  The  equipment 
and  test  procedures  hove  evolved  during  the  course  of  several  years  work  in  radiation 
testir^g  Qr>d  the  specific  details  may  be  of  interest  to  ether  investigators.  This  is  the 
first  test  report  from  the  Radiation  Test  Facility  and  since  much  of  the  data  in  subsequent 
reports  will  depend  upon  colibrotion  numbers  developed  in  this  report,  it  is  important 
that  the  calibration  results  be  reported  in  great  detail. 
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CHAPTER  2 


DESCRIPTION  OF  TEST  FACILITY 

2.  1  GENERAL  DESCRIPTION  OF  THE  PHYSICAL  PLANT 

Th«  Rodiation  Test  Facility  of  the  Protective  Structures  Developrrwnt 
Cerster  is  located  or\  o  150  acre  site  at  Fort  Bel  voir,  Virginia,  obout  15  miles  south 
of  Woshington,  D.  C.  The  complete  facility  is  composed  of  a  test  structure,  a  prepored 
test  site,  on  operating  headquarters  bunker,  storage  buildirvgs,  equipment  for  the 
simulation  of  fields  contomirtated  with  radioactive  fallout,  ond  the  associated  test  and 
safety  instrumentation.  This  facility  was  designed  specifically  to  investigate,  in^rove 
and  further  develop  methods  of  fallout  shelter  design.  A  detailed  description  of  how 
the  design  of  the  test  facility  was  arrived  at  is  found  in  reference  7. 

2. 1. 1  Test  Site 

The  Radiation  Test  Facility,  which  is  part  of  the  Protective  Structures 
Development  Center,  is  located  together  with  the  Center  at  Fort  Belvoir,  Virginia. 

This  location,  near  Washington,  D.  C. ,  was  chosen  so  the  OCD  research  personrsel 
may  conveniently  participate  in  the  planned  test  programs.  The  site  is  a  150  acre 
rectangularly  shaped  area  with  both  open  and  wooded  regions.  (See  Figure  2. 1).  The 
test  site  hat  j  six  foot  high  chain  link  exclusion  fence  marking  the  boundaries  of  the 
site.  A  500'  x  700'  test  pad,  stabilized  with  washed  grovel,  is  located  at  the  center 
of  the  site  and  is  surrounded  by  a  fence  morking  the  boundary  of  the  high  radiation  area. 
A  controlled  access  rood  leads  into  the  site.  The  test  pad  is  a  slightly  sloping  area 
pitching  down  by  approximately  four  feet  from  the  SE  to  NW  comer.  This  test  pad 
is  located  such  that  a  minimum  of  1,  000  feet  of  clearance  exists  between  the  test  pad 
and  the  outer  exclusion  fence. 
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Figure  2.  1  -  Plan  View  of  Test  Site 
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2.  1. 2  Test  Structure 


To  facilitate  the  construction  of  vorious  types  of  test  structures  a 
24  ft  X  36  ft  basement  foundotion  complete  with  entry  woy  ond  on  obove  ground  steel 
framework  to  support  the  panels  of  the  test  structure  is  located  along  the  southeast 
edge  of  the  test  pad,  200  feet  from  one  corner.  The  test  structure  design  uses  a  basic 
12  ft  X  12  ft  module  for  each  of  the  three  above  ground  floors  Exterior  walls  and 
floors  of  the  modules  ore  constructed  by  piecing  4  ft  x  4  ft  by  4-inch  concrete  panels 
in  the  desired  positions.  The  structure  is  designed  such  that  watts  ond  floors  moy  be 
conveniently  varied  from  zero  to  twelve  inch  thickness  in  4-inch  increments.  A  view 
of  the  test  structure  both  with  ond  without  concrete  panels  in  place  is  given  in 
Figures  2.2  and  2.  3  respectively, 

A  crane  is  required  to  place  each  of  the  concrete  panels  since  they  weigh 
Qpproximotely  800  lbs.  The  area  immediotely  surrounding  the  test  structure  is  poved 
to  facilitate  crane  operations. 

2. 1 , 3  Outer  Exclusion  Fence 

The  outer  exclusion  fence  of  the  test  area  (see  Figure  2.  1)  consists  of 
a  6-foot  high  choin  link  fence  topped  with  a  barbed  wire  overharsg.  This  fence 
provides  a  barrier  to  the  general  public  and  is  locoted  to  meet  the  Atomic  Energy 
Commission  requirement  thot  a  person  continuously  present  at  or  outside  this  fence 
will  not  receive  more  than  two  milliroentgens  in  any  one  hour,  lOO  mill i roentgens 
in  any  seven  consecutive  days  or  500  milliroentgens  in  any  period  of  one  culendor 
yeor.  Since  planned  exposure  times  at  the  test  facility  never  exceed  40  hours  in  any 
seven  day  period  ond  since  there  are  no  people  continuously  near  the  fence  (or  within 
several  hundred  yards  of  it),  the  2  mr/hr  limitation  was  the  most  restrictive  requirement 
and  was  used  in  selecting  fence  location  and  source  sizes.  This  fence  is  marked  ot 
distances  of  approximately  fifty  feet  with  signs  bearing  the  rodiation  symbol  and  the 
words  "Caution  Radiation  Area". 

A  road  through  the  test  orea,  used  as  access  to  the  radiation  facility, 
required  thot  a  gote  be  placed  in  the  outer  fence  at  two  locations.  These  gates  are 
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figure  2.  3  -  Test  Structure  |llustratir»g  Placement  of  Wall  Panels 
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norfTKjlIy  locked  ond  on!^^  approved  op^roting  per'^nnei  have  ac^cii  Ja  the  key*,  tuch 
of  fh^se  gores  Is  morked  with  warning  signs  ond  fwo  floshing  red  lights.  The^a  lights 
operote  Only  when  a  source  is  exposed  in  the  Radiation  Test  Areo,  Eoch  gote  js  also 
wired  so  that  a  loud  oiorm  sounds  in  the  test  area  whenever  o  gote  open. 

2.  1.4  High  Radiation  Fence 

The  test  facility  also  contains  a  3*foot  inner  exclusion  fence  designed  to 
prevent  accidental  entry  into  a  high  rodiation  field  by  personnel  while  a  test  is  m 
progress.  This  fence  is  located  such  that  with  the  largest  test  source  exposed  anywhere 
On  the  test  pod  the  dose  rate  at  this  fence  is  below  100  mill  i roentgens  per  hour.  Signs 
having  the  rodiotion  symbol  and  the  words  "Caution  High  Radiation  Area"  ore  posted 
at  approx imotely  100  ft,  intervals  along  this  fence. 

There  ore  four  openir>gs  in  this  fence,  two  for  the  rood  used  as  access 
to  the  test  site,  and  a  third  ard  fourth  on  the  drivewoy  and  sidewalk  leading  to  the 
personnel  operating  bunker.  Each  of  these  openings  is  ec^uipped  with  q  cboin  for 
closure  and  Is  rrYorked  with  a  "Caution  High  Radiation"  sign.  A  rodiotion  monitor 
located  within  this  fence  operates  an  alarm  bell  which  rings  continuously  during  source 
exposure.  This  bell  is  audible  at  all  locations  within  the  high  radiation  areo, 

2.1.5  Operating  Structures 

Three  buildings  are  within  the  test  site.  Two  of  these,  located  immediotely 
odjocent  to  the  test  structure,  are  used  os  storage  space  for  equipment  ond  radioactive 
sources.  These  two  buildings  ere  appropriately  morked  for  such  usage  by  external  signs. 
In  addition,  q  secondary  calibration  ronge  useful  for  checking  col ibiurions  of  both 
test  ond  survey  instrumentation  hos  been  constructed  in  one  of  these  structures.  The 
third  structure,  which  is  used  os  a  control  building  durir^  actual  exposure  is  located 
approximately  300  feet  from  the  test  structure. 

The  control  building  is  o  quonset  hut  of  20  ft  x  20  ft  plan  area.  An  earthen 
mound,  approximately  12  feet  high  has  been  ploced  such  os  to  "shodow"  the  personnel 
operotirsg  bunker  from  the  test  area.  Personnel  may  occupy  this  structure  while  the 
largest  sources  of  radioactivity  are  being  exposed  in  the  test  area,  ond  receive  less 


7 


than  2  millifcentgens  per  howi  exposure.  This  structure  also  houses  the  pumping 
console  used  for  the  control  of  the  test  sources;  thus  the  console  is  ovaitable  to 
operating  personnel  at  all  times  during  c  test  exposure  so  that  complete  control  of 
source  position  and  velocity  Is  always  maintained. 

^  facility  radiation  CAPABILiTtES 

The  Radiation  Test  Facility  of  the  Protective  Structures  Development 
Centet  has  been  established  so  that  tests  con  be  performed  upon  realistic  structures  in 
a  simulated  fallout  environment.  The  overoll  radiation  capobilities  of  the  facility  are 
determined  by  the  maximum  source  size  usable  in  the  facility  and  the  sensitivity  of  the 
radiation  detection  instruments. 

2,  2.  1  Maximum  Source  Size 

The  selection  of  the  proper  isotope  to  use  as  a  fallout  simulant  was  bosed 
upon  three  criteria.  First,  the  ottenuation  properties  of  common  structural  rrKiterials 
for  both  the  selected  isotope  and  actual  fallout  contamination  should  be  similar;  second, 
theoretical  results  using  identical  mathematical  procedures  based  upon  the  energy 
spectrum  of  fallout  and  that  of  the  selected  isotope  must  be  ovailable;  and  third, 
the  isotope  selected  must  have  a  long  half  life,  and  high  specific  activity  (to  reduce 
self  shielding). 

The  isotope,  cobolt'^0  has  been  selected  by  the  staff  of  the  Protective 

Structures  Development  Center  as  rTK>5t  neorly  meeting  these  criteria.  This  isotope 

was  reodily  available  from  normal  commercial  sources,  emits  an  energy  spectrum  that 

well  represents  that  of  fallout  at  early  times,  and  has  both  long  half  life  and  high 

1,2. 

specific  activity.  In  addition,  there  was  available  more  theoretical  data  '  compering 
the  effects  of  cobalt-60  and  follout  radiation  than  for  any  other  isotope. 

The  limitations  placed  upon  the  maximum  source  strength  is  set  by  the 
fact  that  the  dose  rote  at  the  outer  exclusion  fence  must  not  exceed  that  specified  by 
the  Atomic  Energy  Commission.  Paragraph  20,  105  of  the  Nov.  17,  1960  edition  of 
the  Commission's  rules  states  that  no  I  icensee  >hal I ,  . .  create  in  an  un restrictive 


areo, .  *  rodtation  levels.  . .  (1)  In  excess  of  two  millirerns  in  any  one  hour  or  (2) 
radiation  in  excess  of  100  millirerns  in  any  seven  consecutive  days,  "  The  first  of 
these  two  limitations  determined  the  source  siie. 

Since  the  source  must  be  assumed  capable  of  being  placed  anywhere  on 
the  test  pad^  (see  Figure  2.  1)  the  minimum  distance  from  the  source  to  the  exclusion 
fence  was  1000  feet.  The  rrxaximum  allowable  source  strength  computed  from  the 
2  millirems  per  hour  limitation  is  thus  600  curies  of  cobalt-60. 


2,2.2  Instrument  Selection 

The  estimated  attenuation  characteristics  of  the  test  structures  together 
with  the  maximum  ollowoble  source  size  sets  a  lower  limit  on  the  sensitivity  of  the 
required  test  instrumentation.  The  size  of  the  test  pad  and  the  location  of  the  test 
structure  within  the  pad  is  such  that  the  largest  circular  field  of  simulated  contamination 
that  can  be  produced  is  a  quorter  circle  of  500  feet  rodius  or  a  semi -circle  200  feet  in 
radius.  These  fields  surrounding  the  cleared  area  representative  of  the  structure,  if,  of 
full  circumference  would  represent,  respectively,  opproximotely  60  percent  and  50  percent 
cf  the  dose  rate  (at  3  feet  height)  that  would  be  obtained  from  an  infinite  field.  The 
tests  described  in  this  study  have  been  carried  out  with  a  quarter-circle  test  sector 
extending  to  approximately  one  meon  free  path  radius  (450  ft.  in  air).  This  sector  was 
in  turn  subdivided  into  four  separate  concentric  annuli  eoch  contributing  approximately 
4%  of  the  infinite  field  dose  rate. 

The  expected  dose  rate  within  the  test  structure  from  one  of  these  test 
annuli  con  be  computed  as  follows:  the  simulated  source  density  is  equal  to  the  source 
size,  multiplied  by  the  time  of  exposure,  divided  by  the  areo  over  which  the  source 
travels.  Since  on  infinite  field  of  one  curie  of  cobalt-60  per  square  foot  density  creates 
a  dose  rate  of  464  R/h,  3  feet  above  it,  the  dose  accumulated  within  the  test  structure 
during  an  exposure  may  be  written  approximately  as; 


where 


D  - 


D  - 


I  FtS 
o 


Total  accumulated  dose  in  the  structure  in  roentgens 
Dose  rote  3  feet  above  an  infinite  field  of  contarpination 
of  one  curie/ft2  cobolt-60  in  roentgens/hr 
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F  -  Fraction  of  infinite  field  represented  by  the  test  annul wS 
t  =  Time  of  exposure  in  hours 
S  -  Source  strer^gth  in  curies 
A  Areo  of  the  test  gnnulus  in  fr^ 

~  Protective  factor  afforded  by  the  structure  from  ground 
based  source  of  contaminotion 

The  maxiiTjm  source  size  of  600  curies  gives  a  toto!  occumuloted  dose 
inside  the  test  structure  of  about  0,  7  mr  with  a  ten  hour  exposure  if  the  test  structure 
is  assumed  to  have  o  protection  factor  of  1000  from  ground  bosed  sources  of  rodiation 
(u  high  protection  factor).  This  value  (0.7  mr),  about  ten  times  the  natural  back¬ 
ground  dose,  is  adequofe  for  occurate  experimentation.  Thus,  using  this  value  as  o 
minimum  measurement  in  any  experiment,  three  ionization  chamber  dosimeters  were 
selected  for  use.  These  are  the  Victoreen  Model  208  Chamber  of  0-1  mr  range;  the 
Victoreen  Model  239  Chamber  of  0-10  mr  range;  and  the  Victoreen  Model  362  Chamber 
of  0-200  mr  range. 

2.3  SELECTION  OF  SIMULATED  FIELDS  OF  CONTAMINATION 

To  simulate  an  experimental  uniform  field  of  contamination  it  is  necessary 
to  utilize  equipment  which  will  cause  the  source  to  spend  the  same  amount  of  time 
in  eoch  differential  area  of  the  simulated  field.  The  simulation  technique  used  is 
to  pump  a  sealed  source  at  constant  velocity  through  long  lengths  of  tubing  that  bos 
been  permanently  placed  at  a  uniform  density  over  the  test  area,  and  to  sum  the 
resulting  doses  at  the  test  locations  with  integrating  type  dosimeters.  At  any  location 
the  dose  from  the  entire  field  the  sum  of  the  dose  from  all  differential  oreos  of  the 
field.  These  differential  doses  are  summed  automatically  through  the  use  of  detectors 
that  integrate  doseoge  over  the  total  exposure  time. 

In  the  design  of  simulated  contaminated  areas  the  approach  found  most 
useful  in  experiments  of  this  type  has  been  to  divide  the  field  into  several  circular 
annuli  surrounding  the  structure  to  be  tested.  Tube  spacing  and  source  size  can  then 
be  varied  from  annuli  to  annuli  to  minimize  the  amount  of  tubing  and  test  time  required. 
Circular  annuli  ore  generally  chosen  so  as  to  minimize  the  effects  of  source  anisotropy. 
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This  Qnisotfopx  portiolly  caused  by  the  column  of  woter  which  propels  the  source, 
attenuating  radiation  in  the  fore  and  aft  direction  of  the  source*  If  circular  onnuli 
are  chosen  such  that  the  source  is  always  side-on  to  the  structure  to  be  tested  the 
radiation  seen  by  the  structure  is  not  affected  by  this  water  column.  Eoch  onnuli  is 
sized  to  represent  opproximotely  the  some  fraction  of  total  infinite  field  ground  dose* 
These  onnuli  extend  from  the  base  of  the  structure  to  o  distance  of  obout  one  mean-free 
path  from  the  structure.  Since  in  an  infinite  field  the  dose  originating  from  contami¬ 
nation  within  this  Oreo  creates  over  90  percent  of  the  total  dose  for  moderate  detector 
heights,  a  contaminated  test  areo  of  this  size  is  well  representative  of  the  infinite  field. 

With  respect  to  the  test  structure  the  energy  spectra  and  angular  dis¬ 
tribution  of  radiation  originating  from  sources  lying  at  distances  in  excess  of  approxi¬ 
mately  ten  buildiiig  heights  or  one  mean  free  path  distance  (whichever  is  greater)  is 
approximately  unchanged.  Hence,  the  outermost  onnuli  of  the  contaminated  area  of 
the  described  test  field  is  representative  of  "far  field"  contamination  and  is  useful  for 
moking  analytical  estimates  of  rodiation  dosage  that  would  enrionote  from  sources  lying 
in  this  ‘‘for  field"  region. 

The  fraction  of  infinite  field  dose  rate  obtained  from  a  circle  of  con¬ 
tamination  of  given  radius  is  illustroted  in  Figure  2.4  for  both  the  conveotiorKil  3  ft. 
height,  and  at  u6  ft.,  the  maximum  height  of  the  proposed  test  structure.  The  test 
field  extends  from  the  base  of  the  structure  (external  dimensions  26.  3  ft  x  38,  3  ft)  to 
a  radius  equivalent  to  one  mean-free-path  for  cobalt-60  radiation  (450  ft.).  Past 
experiments  in  tests  of  this  type  indicate  that  a  division  cf  the  simulated  field  into 
four  annuli  areos  is  useful  for  the  inteq;>retation  of  the  results  obtained.  The  inner 
and  outer  radius  of  each  annulus  of  contamirKition  was  thus  chosen  so  that  each  annulus 
represented  approximately  the  same  fraction  of  infinite  field  dose  (within  the  limitations 
imposed  by  ease  of  placing  the  test  tubing  within  each  area). 

Since  the  test  building  i  s  rectangular  in  s^xape,  representing  a  cleored 
orea  of  26.  3  feet  by  38.  3  feet,  for  computational  purposes  the  equivalent  inner 
radius  of  the  innermost  annulus  was  assumed  to  be  17.  9  ft.,  the  rodius  of  o  circle  that 
contained  the  same  area  as  the  rectongulor  structure.  The  total  areo  of  simulated 
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Figure  ?  4  -  Dose  Rate  at  the  Center  of  o  Contaminated  Circle  as  a  Fraction  of 

Infinite  Field  Dose  Rote 


ground  sources  of  contaminotion  thus  extends  from  17.  9  feet  to  450  feet  radius.  This 
area  (see  Figure  2.4)  represents  55  percent  of  rhe  ir^finite  field  dose  at  a  3  ft.  detector 
height.  Each  annulus  is  sized  to  represent  opproximately  13.  75%  of  the  infinite 
field  ground  dose.  Using  the  inner  rodius  of  17,  9  feet  for  orea  the  outer  rodius  for 
this  area  required  to  give  13.  75%  of  the  infinite  field  value  at  3  feet  height  is  approxi- 
nmteiy  33  feet  as  determined  from  Figure  2,4.  Approximate  radii  for  areas  2,  3,  and  4 
were  determined  in  a  similar  manner  (see  Toble  2.  1). 

TABLE  2.  1 

APPROXIMATE  RADII  OF  ANNULAR  FIELDS  OF  CONTAMINATION 
YIELDING  EQUAL  FRACTIONS  OF  INFINITE  FIELD  DOSE  RATE 


AREA 

INNER  RADIUS 
(ft.) 

OUTER  RADIUS 
(ft.) 

1 

2 

33 

75 

3 

75 

170 

4 

170 

450 

The  total  areo  of  a  circular  field  of  one  nrreon-free-path  radius  is  opproxi- 
mateiy  640,000  square  feet.  Since  it  is  generally  desirable  to  limit  the  maximum 
spocirvg  of  the  tubing  through  which  the  source  travels  to  one-third  or  one-quartei  of 
the  vertical  size  of  any  aperture  in  the  structure,  especially  near  the  test  structure, 
a  large  amount  of  tubing  is  required.  Use  is  mode  of  the  symmetry  of  the  test  structure, 
wherever  possible,  to  reduce  the  total  amount  of  tubing.  Since  the  test  structure 
proposed  for  the  first  several  series  of  experiments  was  rectongulorly  symmetrical,  it 
was  possible  to  represent  a  complete  field  of  contomination  by  simulating  contamination 
in  only  one  quarter  of  the  field  ond  by  using  symmetrically  located  radiation  detectors 
in  the  test  structure  to  account  for  the  full  field.  The  radii  of  the  fields  have  been 
modified  slightly  from  those  of  Table  2.  1  to  accommodate  tube  spacing  of  1,2,  4,  and 
16  feet.  The  detailed  characteristics  of  eoch  of  the  test  areas  Including  the  amounts 
of  tubing  used,  etc.  is  presented  in  Table  2,2, 
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THE  CHARACTERISTtCS  OF  QUARTER  SYMMETRICAL  EXPERIMENTAL 

contaminated  areas 

(Based  on  Daro  of  References  1  and  8) 


As  the  mojor  purpose  of  the  first  series  of  building  experiments  was  to 
test  trie  effect  of  structural  voriations  only  rather  than  the  combined  effect  of  the 
ground  and  the  structure,  a  ’’free  field**  test,  i.e.,  with  no  building  present,  was 
required  to  evaluate  the  effect  of  ground  roughness.  Ideally  this  test  would  be  con- 
ducted  with  the  contaminoted  areas  surrounding  the  ^est  structure  site  before  the 
structure  was  instolled.  This  was  impossible,  however,  as  the  permanent  steel  fraiwe 
of  the  structure  was  already  in  place  in  advance  of  the  experimental  effort.  Since 
thf;  ground  surrounding  the  test  structure  was  o  smoothly  gradeef  rectangular  field  covered 
with  grovel,  and  since  this  fieiJ  upon  physical  inspection  appeored  quite  uniform  in  its 
deviotion  from  perfect  smoothness  throughout  its  orea,  it  was  thus  decided  to  evaluate 
the  entire  test  field  for  the  effects  of  ground  roughness  by  using  duplicate  contamirwited 
areos  offset  75  feet  to  one  side  of  the  test  structure, 

2.4  DETAILED  DESCRIPTION  OF  CONTAMINATED  AREAS 

The  area  of  '‘fallout"  simulation  for  the  “open  field”  experiments  and 
skeleton  structure  are  identical.  Each  consist  of  a  quarter  circ  \  e  field  452  feet  in 
radius.  This  field  is  broken  into  five  individual  areas  as  shown  in  Figure  2,5,  To 
differentiate  between  these,  the  areas  surrounding  the  test  structure  ore  labeled  1,  2, 

3,  ofKJ  4  ond  those  surrounding  the  open  field  OA,  !A,  2A,  3A,  and  4A  respectively. 

The  first  of  these  areos  (Area  0)  is  rectongular  in  shape  and  is  identical 
in  size  to  the  outside  dimensions  of  one  quadront  of  the  “skeleton”  structure 
(13*  2“  X  19‘  2“),  Tubing  for  this  area  was  required  only  for  the  open  field  experiment 
and  was  layed  with  parallel  straight  runs  of  tubing  at  a  one  foot  spacing.  The  tubing 
leads  between  the  source  container  and  orea  OA  were  long  enough  (relative  to  the 
total  length  of  tubing  in  the  area)  to  require  shielding  with  8  inches  of  concrete  block. 
This  shielding  was  selected  to  reduce  the  dose  contribution  from  the  source  while  it  is 
in  the  leads  to  and  from  the  test  area  to  less  than  one  percent  of  that  measured  in  the 
experiment.  Areo  1  contains  o  transition  from  the  rectangular  shape  of  Area  OA  to 
the  circulor  geometry  of  areos  2,  3,  and  4.  The  tubing  for  area  1  wos  arranged  in  o 
rectangular  pattern  except  for  the  region  at  the  outermost  edge  of  the  area  where  the 
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transition  to  a  c  irculor  pattern  was  ?node,  Cof6  was  token  to  this  region  *"0  same 
tubir>g  density  os  existed  in  the  inner  port  of  this  area.  Areas  2^  2A,  3,  3A,  4  ond  4A 
were  circulor  onnuli  ond  tubing  wos  positioned  in  o  circulor  arroy.  Dimensions,  orea, 
spacing,  tubing  length  and  percent  of  infinite  field  dose  rotes  for  those  fields  were 
previously  given  in  Table  2.  2  Tubing  leods  from  each  area  were  terminated  at  a  concrete 
wolkwoy  poroiieling  one  side  of  the  simiiloted  snorce  field.  Lead  length  required  to 
connect  each  area  to  a  source  container  located  on  the  walk  was  about  10  feet.  The  leads 
for  areas  OA,  1,  lA,  2^  2A,  3,  3A  were  located  at  the  outer  radius  of  each  area  to  keep 
extraneous  dose  contributions  at  the  dosimeter  positions  to  a  minimum.  In  area  4  and  4A, 
however,  since  the  length  of  the  leads  were  a  small  fraction  of  the  total  tubing,  the 
leads  from  the  source  container  to  the  tubirsg  area  were  positioned  at  the  inner  rodiu? 

This  gave  a  significant  reduction  in  the  length  of  the  pump  to  source  container  tubing, 

2.5  SOURCE  CIRCULATION  SYSTEM 

A  uniform  source  density  was  simuioted  in  each  test  onnuli  by  circulating 
a  sealed  source  of  radioactive  cobalt-60  at  constant  velocity  through  a  large  loop  of 
tubing  uniformly  placed  in  the  particular  test  area  of  interest.  Three  sources  of  approxi¬ 
mately  6,  60,  and  600  curies  strength  were  available  for  these  tests.  In  operation,  the 
source  was  forced  through  3/8  inch  |.  D*  polyethylene  tubing  using  a  water-ontifreeze 
mixture  os  the  propelling  fluid.  A  schematic  diagram  of  the  hydraulic  system  used  for 
circulation  of  the  source  is  shown  in  Figure  2.6,  The  propelling  fluid  is  drawn  from  a 
reservoir  into  the  appropriate  pump  or  pumps  and  then  forced  through  the  source  container. 
This  operotion  drives  the  source  assembly  out  of  its  storage  position  in  the  container, 
through  the  loop  of  polyethylene  tubing  representing  the  area  of  contamination  to  be 
simulated,  and  then  back  to  the  storage  container  at  the  conclusion  of  the  exposure. 


2,  5. 1  Pumping  Console 

The  source  pumping  console  consists  of  two  pump  assemblies,  a  storage 
reservoir,  and  valves  for  controlling  fluid  flow  to  the  source  storage  container  and  the 
polyethylene  tubing  in  the  test  area. 


A  picture  of  the  pump 


console  is 


/er. 


!qure 


9  7 


r^rirri^rv/ 
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QSicmbly  is  o  four^feed  Hills-McConno  positive  displacement  proportioning  purr^p.  Tbe 
drive  for  this  pump  consists  of  a  3/4  hp,  220  volt,  S-phose  electric  motor  coupled  to 
a  Vickers  vorioble -speed  hydraulic  drive  and  a  23:1  Bison  gear  reducer.  Each  of  the 
four  pump  feeds  hos  o  27  gph  maximum  capacity  ond  o  200  psi  pressure  roting.  The 
four  feeds  are  mechanically  driven  such  thot  their  wtput  is  staggered  by  90  degree 
increments,  thus  reducing  ony  pump  pulsations  to  negligible  amounts.  The  unit  hos  been 
designed  to  keep  output  pulses  small  hr  order  to  minimize  their  effect  on  source  assembly 
motion.  This,  together  with  the  "smoothing"  effect  of  the  elasticity  of  the  pump  piping 
and  lead  polyethylene  tubir>g,  is  such  that  the  source  motion  is  essentially  uniform  and 
there  is  only  extrerrtely  small  chorees  in  differential  velocity. 

A  10:1  variation  in  total  pump  output  con  be  cchievod  through  the  use 
of  a  Vickers  variable  speed  drive  unit.  Additional  variation  in  pvmp  output  con  be 
obtoined  by  changing  the  length  of  the  piston  stroke  of  each  Feed  through  use  of  o  micro^ 
meter  adjustment.  Detoils  on  calibration  of  this  pump  assembly  are  given  in  Appendix  1, 

The  second  unit  of  the  pumping  console  is  a  six  GPM  Viking  Gear 
pump  driven  by  a  2  hp,  220  volt,  3  phase  electric  motor.  This  pump  serves  as  o  high- 
volume  purr^  for  rapid  source  movement  or  for  fillir^  of  the  tubing  circuits.  It  olso  serves 
as  a  backup  unit  in  cose  of  foilure  of  the  primory  punning  system.  Output  from  the  pump 
or  pumps  posses  through  a  3-way  solenoid-operoted-vol  ve  which  oMows  either  for  by¬ 
passing  of  the  fluid  to  the  storage  reservoir  or  for  pcssoge  to  the  source  storage  container 
where  it  will  propel  the  source  through  the  tubing  circuit.  This  solenoid  is  operated  with 
o  keylock  switch  and  remains  in  the  byposs  position  until  the  proper  key  is  inserted  into 
the  lock  and  turned  to  divert  flow  to  the  source  contoiner.  As  an  additior>al  sofety 
feature  o  green  light  (wired  to  the  key  lock  switch)  is  "on"  whenever  the  solenoid  valve 
is  in  the  bypass  position.  Output  of  the  pumping  system  is  monitored  by  a  pressure  gouge 
at  all  times.  In  addition,  there  is  provided  a  pressure  relief  valve  to  limit  system  pressure 
to  200  psi  and  a  4-way  manual  reversing  valve  to  permit  the  operator  to  easily  reverse 
the  direction  of  fluid  flow  and  source  motion. 

2.  5.  2  Tubing  and  Fitnngs 

A  total  of  approximotely  36,  000  feet  of  tubir>g  was  required  to  properly 
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cover  the  test  areas.  This  tubing  was  prepared  in  6,  000  ft.  fe  ;ths  to  the  followmg 
specification: 

Materiel  -  Polyethylene  with  0.  25  percent  L  >  SORB  UV-531  additive 

Outer  Diameter  0-  625  +  0,  020  inches 

Inner  Diameter  0.  375;  +  .  005,  -  ,  000,  inches 

Circ  jiarity  and  Concentricity  -t*  ,010  inches 


Eoch  length  was  vvojnd  on  a  sjitable  reel.  Figure  2.  8  illustrotes  a  reel  of  this  tubing 
togerner  with  the  pcrtoble  reel  stond.  The  tubing  contains  0.  25  percent  American  Cyananid 
CYASORB  UV  531  to  lengthen  its  life  by  decreasing  the  damage  resulting  from  exposure 
to  sunlight.  The  ultraviolet  portion  of  the  light  spectrum  causes  oging  in  untreoted 
polyethylene  which  results  in  brittleness.  The  UV  531  additive  acts  os  o  screen  to  filter 
out  the  ultroviolet  portion  of  sunlight  in  the  extreme  outer  layer  of  the  tubing;  thus  the 
damoge  or  aging  effects  ore  I  imited  to  the  extreme  outer  layer  of  the  tubing.  The  tubing 
as  extruded  is  quite  clear  so  that  the  source  motion  can  be  observed,  and  it  con  be  bent 
into  a  6-inch  radius  without 


collapsing.  This  permits  unrestricted 
source  assembly  pcssoge  at  low  source 
veioerties  at  this  small  radius. 

Special  stainless 
steel  fittings  are  used  to  couple 
together  the  pump  console,  source 
contoiner,  and  tubing  moking  up  the 
simulated  fields  of  contamination. 
These  fittings  use  a  rubber  O-ring 
seal  and  hove  a  tongue  and  groove 
design  for  p>ositive  alignment.  The 
inner  diameter  of  the  tubing  circuit 


is  thus  free  of  any  discontinuities 
that  might  interfere  with  the  free 
passage  of  o  so  rce  assembly. 


Figure  2.  8 

Polyethylene  Tubing  -  Tubing 
Reel  and  Stand 
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2.  5,  3  Source  Assemblies 


Three  source  assemblies  were  used  during  the  test  portion  of  the  program. 
A  typical  assembly  is  illustrated  in  Figure  2.  9  ond  2.  10.  The  three  assemblies  were 
iooded  with  oppfo?< imately  6,  60,  and  600  curies  of  cobalt-60  respectively.  Each 
assembly  wqs  cJcc^irytRi y  rol^hroted  pr!r*^  tr»  wsci^e  to  determine  i+s  actun!  strength  (See 
Chapter  3). 

Each  source  assembly  consists  of  an  encapsulated  Co-60  source  attached 
to  o  hydraulic  piston  by  a  length  of  flexible  coble.  A  piston  leather  on  the  forward  end 
of  the  assembly  serves  as  a  seal  so  that  woter  pumped  through  the  source  container  will 
force  the  piston  and  the  attacfied  source  capsule  out  of  the  container  and  through  a  loop 
of  tubing.  The  octive  portion  of  the  source  consists  of  Cobalt-60  pellets  encapsulated 
in  a  5/16  inch  diameter  stainless  steel  cylinder.  The  source  capsule  is  attached  to  the 
chrome  plated  carbon  steel  piston  with  a  19-inch  length  of  1/8  inch  diameter  stainless 
steel  Teleflex  cable.  This  arrangement  permits  clamping  the  source  ossembly  in  a  sofe 
position  whereby  ^he  active  portion  of  the  source  is  at  the  center  of  the  storage  container 
while  the  piston  section  protrudes  outside  of  the  shield;  this  permits  easy  inspection, 
instol lation,and  maintenance  of  the  piston  leather. 

2.5.4  Source  Containers 

The  three  Co-bO  sources  designed  for  pumping  through  the  3/8  inch 
polyethylene  tubing  are  contained  in  two  identical  portable  containers,  (See  Figure  2.  11), 
Each  of  the  two  containers  has  a  capacity  of  2,000  curies  of  Co*60  ond  can  normally 
hold  two  sources.  A  container  consists  of  a  lead-filled  steel  shell  mounted  on  two  12  inch 
solid  rubber  tires  so  that  it  can  be  moved  with  the  aid  of  a  “skid"  spotter.  Two  pairs 
of  curved  3/8  inch  l„  D.  stainless  steel  tubes,  designed  to  house  the  active  source 
assemblies,  pa^s  through  the  container  neor  its  center.  A  clamp  at  one  end  of  each 
tube  locks  the  source  assembly  such  that  the  active  portion  of  the  source  capsule  is 
located  at  the  center  of  the  container.  This  clamp  is  retracted  just  prior  to  Dumping  a 
source  Out  of  its  container.  Fittings  on  the  end  of  the  storage  container  tubes  match 
those  on  the  test  loops  of  polyethylene  tubing  and  those  on  the  pumping  sysiem.  Storage 
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Figure  2.  9  -  Source  Assembly 
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Figure  2.  10  -  Sketch  of  Source  Assembly 
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Fifjure  2,  11  “  Source  Storage  Container 


plugs  threaded  to  match  the  end  fittings  of  the  source  tubes  keep  the  sources  positioned 
at  the  center  of  the  container  when  a  source  is  not  in  use.  Eoch  of  the  storage  plugs 
are  designed  for  locking  in  position  with  a  padlock. 

During  operation  the  source  is  pumped  out  of  the  container,  through 
the  tubing  positioned  in  the  field,  and  bock  to  the  container.  A  longitudinal  bole 
(normally  plugged)  rear  the  center  of  the  leod  container  allows  the  tubing  itself  to  be 
drawn  through  the  container  so  thot  in  the  event  a  source  becomes  stuck  in  ^he  tubing, 
the  tubing  can  be  drawn  through  the  container  until  the  '*stuck"  source  is  properly 
shielded.  Each  of  these  containers  weighs  approximately  3000  pounds, 

2.5.5  Emergency  Source  Container 

An  emergency  source  storage  container  is  provided  for  use  in  the 
unlikely  event  that  o  source  escapes  from  the  tubing,  A  picture  of  this  container  is 
shown  in  Figure  2.  12.  The  emergency  container  consists  of  a  19  inch  diameter  leod-filled 
steel  shell,  mounted  on  wheels  and  weighir\g  approximately  3000  pounds,  In  the  event 
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of  a  source  escaping  from  the  tubing,  if  can  be  picked  up  with  a  magnet  ottoched  to 
the  center  of  o  long  line  and  dropped  into  the  emergency  container.  For  this  purpose 
the  piston  end  of  the  source  assembly  Is  of  magnetic  chrome-plated  carbon  steel  while 
the  rest  of  the  assembly  is  of  non-magnetic  stainless  material.  A  detachable  brass  funnel 
mounted  on  top  of  the  emergency  container  facilitates  dropping  the  loose  source  assembly 
into  the  container,  A  stop  in  the  vertical  source  receiving  tube  of  the  container  properly 
positions  the  source  at  the  center  of  the  emergency  shield  while  a  clamp  at  the  top  of 
this  tube  permits  clamping  a  source  assembly  in  the  shielded  position.  The  source  tube 
has  fittings  at  each  end  for  coupling  to  the  hydraulic  pumping  system  tc  allow  transfer 
of  a  source  assembly  from  the  emergency  container  to  its  regular  storage  contoiner. 
Permanent  storage  plugs  are  also  provided  for  the  unit. 

2.5.6  Radiation  Instruments 

Two  kinds  of  instrumentation  were  used  in  this  test  series,  non-direct 
reoding  ionization  chambers  for  obtaining  experimental  data  and  health  physics  type 
instruments  for  survey  and  monitoring  purposes.  Victoreen  Mode!  362  ionization  chambers 
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of  O'* 200  mr  range.  Model  239  chamben  of  0^!0  mt  range  and  Model  20S  chambers  of 
0*1  mr  ronge  were  used  in  appropriate  locations  to  gather  fundomentol  date*  To. prevent 
electron  penetrations  the  Model  208  chambers  were  covered  with  on  1/8  inch  thick 
plastic  equilibrium  sleeve.  These  detectors  were  charged  and  read  with  the  Technical 
Operations  Model  556  bottery  operoted  Portable  Chorger*Reoder,  Details  of  the  selection 
and  calibration  of  these  instruments  arc  given  in  Chapter  3  of  this  report.  In  addition  to 
the  instruments  used  in  routine  test  work,  a  Victorecn  Model  570  R-metcr  with  two  0.25 
and  two  2.  5  Roentgen  ionizotion  chombers,  calibrated  by  the  Notional  Bureou  of 
Stondards,  was  used  for  instrument  ond  source  calibrations. 

Personnel  monitoring  was  performed  with  three  Victoreen  Model  592  B 
survey  meters  having  a  range  up  to  1000  mr/hr  in  three  steps;  0  to  10  mr,  0  to  100  mr 
ond  0  to  1000  mr/hr.  In  addition,  two  CDV  700-Model  6A  "Geiger”  meters  were 
available  for  personnel  monitoring  or  for  low  range  survey  measurements  such  as  surveying 
the  Outer  exclusion  fence. 

Two  Nuclear  Measurements  Corporation  Model  BA-2A  Radiation  Alarms 
were  used  to  monitor  the  radiation  level  at  the  test  facility.  A  low  range  Model  BA-2A, 
0*50  mr  unit  monitors  dose  level  within  the  contiol  building  while  a  high  range  0-10,000  mr 
unit  connected  to  a  recorder  monitors  and  records  the  dose  level  in  the  test  field* 

Activation  of  either  of  these  alarms  above  preset  levels  causes  a  warning  bell  to  ring 
and  a  red  light  to  come  on.  All  personnel  enterir^  the  test  sire  wear  both  film  badges 
and  200  mr  CDV  138  self  reading  dosimeters. 
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CHAPTER  3 


EXPERIMENTAL  TECHNIQUES  AND  INSTRUMENT  CALIBRATION 
3.  1  General 

This  chapter  sjmnrKarizes  the  techniques  used  in  the  calibration  of 
test  sources  ond  instruments  and  the  procedures  used  in  the  performance  of  the  experiments. 
A  total  of  three  different  sources  of  activity  ond  instruments  with  three  different  ranges 
were  used  in  the  collection  of  the  data.  Eoch  of  these  instruments  and  sources  had  to 
be  calibrated  not  only  with  respect  to  each  other  but  also  on  an  absolute  basis. 

3.  2  Calibration  of  the  Test  Instrumentation 

Data  was  obtained  using  Victoreen  Model  362,  239,  and  208  non-direct 
reoding  ionization  chambers  together  with  o  Technical  Operations  Model  556  Reader- 
Charger.  These  dosimeters  and  their  associated  reading  instrumentation  were  tested  to 
determine  (a)  variations  among  dosimeters  when  subject  to  the  same  omount  of  radiation 
exposure,  and  (b)  constants  and  equations  that  can  be  used  to  obtain  corrected  radiation 
dose  values.  To  group  the  detectors  according  to  response  characteristics,  sets  of 
ionization  chambers  (ot  a  single  type)  were  positioned  at  a  constant  distance  from  a 
source  of  known  strength  and  exposed  for  a  fixed  period  of  time.  The  sets  generally 
consisted  of  35  to  75  dosimeters  which  were  mounted  vertically  and  in  a  circle  around 
the  test  source.  At  the  center  of  the  elide  a  G.  55  curie  cobait-60  source  was  exposed 
at  the  some  height  as  the  detectors.  The  parameters  of  detector  height,  exposure  time* 
etc.  used  for  each  detector  are  presented  in  Table  3.  K 

All  dosimeters  were  subjected  to  at  least  three  exposures  of  eq>jal  time 
and  an  average  of  the  three  exposures  was  obtained  for  each  dosimeter.  The  exposure 
level  was  indicated  by  a  Technical  Operations  Model  556  Charger-Reader  which  gives 
readings  in  arbitrary  units  labeled  microamperes.  These  reodings  may  be  converted  to 
mill iroentgens  by  use  of  experimentol I y  determined  constants.  For  the  purpose  of  grouping 
dosimeters  into  lots  of  similor  responses,  however,  the  microampere  (ua)  values  were 
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TABLE  3. 1 


DOSIMETER  COMPARISON  CHARACTERISTICS 


Model 

Nominol 

Ronge  (mr) 

Source  to  Detector 
Distonce  (ft. ) 

Height 

(ft.) 

Exposure  Time 
(min. ) 

362 

0-200 

3 

2.5 

8.0 

239 

0-10 

20 

3. 

15.0 

208 

0-1 

52 

2.5 

15.0 

sufficient.  These  uQ  values  were  standardized  by  correcting  for  atrrTOSpheric  pressure  and 
temperature.  AdditiorKilly,  in  each  exposure,  two  Vi ctoreen  Model  130  ionization 
chambers  (calibrated  by  the  Bureou  of  Standards)  were  positioned  with  the  dosimeters  and 
used  to  check  the  dose  uniformity. 

On  the  basis  of  these  tests  it  was  found  that  the  Model  239  chombers 
grouped  within  -t-  1. 7%  of  the  mean  value  and  the  Model  208  chambers  grouped  within 
+  3%  of  the  mean  value.  The  Model  362  chambers,  however,  showed  considerable  spread 
and  were  regrouped  into  lots  containing  dosimeters  that  gave  □  response  of  +  2%  to  a 
given  gamma  ray  dose.  From  the  complete  batch  of  500  of  the  Mode!  362  dosimeters, 

475  of  them  were  divided  into  four  groupings,  ond  each  group  was  identified  by  a  color 
code.  Twenty  five  Model  362  dosimeters  could  not  be  included  in  these  groups  as  their 
exposure  responses  were  outside  the  range  listed.  These  were  not  used  in  the  experiments. 

Since  the  response  of  a  dosimeter  is  indicated  in  microamperes  when 
using  the  Technical  Operations  Model  536  Charger-Reader,  it  was  necessary  to  develop 
a  relatio'^ship  between  the  Charger-Reader  reading  and  the  radiation  dose.  From  this 
relationship  calibration  constants  can  be  esroblished  for  oach  of  the  three  dotimeter  types. 

First,  it  was  required  to  establish  whether  or  not  the  dosimeter  Charger- 
Reoder  cornbinotion  hod  In-ear  chorocteristics  with  respect  to  rodiotion  dose.  A  series 
of  calibration  runs  were  made  for  each  type  of  dosimeter  using  the  0,  55  curie  source.  Both 
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the  sojrce  and  dosinneten  were  mounted  eight  feet  from  the  ground.  Exposures  were 
made  at  source  to  detector  distances  of  four  to  fifty  feet  with  exposure  times  varying 
from  one  to  twenty-four  minutes. 

The  dose  present  at  each  of  the  various  dosimeter  positions  was  calcu* 
toted  from  tt>e  retot*onshtp; 


D 

o 

where  D 

0 

S 

0 

14,000 

h 

X  - 

B  (  h,  x) 
f 

B  (ijx) 


S  f  (U,00C)e'^''B(Mx)  B(h,  x) 

X 

Dose  in  mill  iroentgens 
Source  strength  In  curies 

Dose  rate  one  foot  from  one  curie  of  Co-60  mr/hr 
Total  air  cross  section  at  standard  conditions  -  i/448 
Source  and  detector  height 
Source  to  detector  distance  in  feet 
Ground  buildup  factor  (Reference  1 1) 

Time  in  hours 

Air  buildup  factor  for  infinite  media 


The  data  from  each  exposure  was  then  corrected  for  temperature  and 
pressure  and  plotted  to  give  a  curve  of  dosimeter  readings  versus  the  calculated  dose. 

This  calibration  curve  is  linear  to  about  50  microamperes  ond  deviates  slightly  from 
linearity  above  this  point.  From  this  dota  and  the  known  characteristics  of  the  chambers 
an  expression  to  convert  the  Charger-Reader  readings  to  mil  1 1  roentgens  may  be  developed 
If  the  relationship  were  linear  over  the  entire  range  of  exposures  the  following  expression 


T 

ould  be  employed. 

mr  M  3.2.2 

\h^2j 

where  k 

The  slope  of  the  -  mr  graph 

Atmospheric  press  .j  re,  inches  Hg,  on  the  day  of  calibration 

.r 

Absolute  temperature  degrees  Rankine  on  the  da/  of  caiibrol 

ion 


Pj  ^  Atmospheric  pressure,  inches  Hg,  at  time  of  running 

ony  eKperiment 

Tj  =  Absolute  temperoture,  degrees  Rankine,  at  time  of  running 

any  experiment 

-  Reoding  of  Charger -Reader  in  microamperes 
For  convenience  the  volues  of  can  be  corr^ined  into  a  constant  C  giving 


3.2.3 


Note  thot  the  subscripts  for  T  and  P  were  eliminated  since  these  are  now  the  only 
temperature  and  pressure  terms  in  the  equation.  The  values  of  k  and  C  for  the  three  types 
of  dosimeters  are  presented  in  Table  3,  2, 

TABLE  3.  2 

CALIBRATION  CONSTANTS  FOR  VICTOREEN  CHAMBERS  USING 
THE  T/O  MODEL  556  CHARGER-READER 

I 

Meosu red  dose  (mr)  -  ^ 

whtire  T  ~  Temperature-degrees  Fohrenheit  absolute 

P  Atmospheric  pressure-inches  of  Hg 

-  Microamp  reading 
C  Calibration  constont 

X  Corrections  for  non -I  ineority  at  high  values  of  ^ 
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Dosimeter  Type 

"C" 

0-64 

r 

65-69 

70-74 

75-79 

80-84 

35-89 

90-95 

Model  362 

I 

"Brown"  group 

7.  85 

0.0 

0.5 

I.O 

1.5 

2.0 

3.0 

--- 

"Orange"  group 

8.  03 

0.0 

0.5 

1.0 
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— . . ...l 
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Comparison  experiments  were  continually  performed  on  the  two  Charger- 
Reader  instruments  throughout  the  experimental  progrom.  No  detectable  difference  in 
readings  was  observed  for  the  dosimeters  exposed  to  Identical  dose  values.  It  was  deter¬ 
mined  that  dosimeters  could  be  charged  with  one  Reoder-'Charger  and  read  on  the  second 
Reader-Charger  with  no  observoble  differences.  In  all  experiments  o  Bureou  of  Standards 
calibroted  Victoreen  R-meter  was  employed  as  a  base  measurement  and  as  o  check  on 
caicutoted  methods. 

3.  3  Source  Calibration 

Three  sources  of  cobolt-60  were  required  to  conduct  the  open  field  and 
steel  skeleton  tests.  These  sources  were  of  approximately  6,  60,  and  600  curies  strength. 

The  active  portion  of  each  of  these  sources  was  of  cylindricol  shape  5/16  inches  in  diameter 
and  approximate! >  one  inch  long.  Eoch  of  these  sources  was  calibrated  by  determining 
its  roentgen  equivalent  outp  .t  with  the  source  positioned  side  on  (in  a  radial  direction) 
with  two  standard  ionization  chambers.  Calibrotion  measurements  were  made  for  two 
source  and  detector  arrangements,  first,  with  the  source  on  the  ground  (a  concrete  surface) 
and  the  detector  in  the  air,  and,  secondly,  with  both  source  and  detector  at  the  same 
height  above  a  concrete  pad. 

Roentgen  output  of  the  sources  was  determined  using  two  Victoreen 
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Model  552  (2.  5R)  or  two  Model  (0  25R)  chambers.  These  chumbers  were  charged 
ond  read  on  a  Vtctoreen  Mcxiel  5^0  R-meter.  The  chombers  together  with  Cl^>arger- 
Reader  were  calibrated  by  the  Notionol  Bureou  Starxkirds  on  December  19,  1963. 

This  calibration  showed  that  the  reodings  at  standard  otmospheric  con.ditiorss  taken  with 
the  Model  352  ond  130  chambers  must  oe  mu  itipiied  b>  0.  95  and  1.04  respectively  to 
obtain  correct  reodings.  Temperature  ond  pressure  cofrection  factors  at  other  than 
standard  conditions  arc 


Model  552  -  0.0537  T/P 
Model  130  -  0.0585  T/P 

Where  1  temperature  in  degrees  Ronkirse  absolute 

P  pressure  at  the  time  of  calibration  in  inches  Hg 


Reproducibil ity  with  both  instruments  was  better  than  4  1  percent  at 
midscale.  The  source  strength  for  the  two  source  and  detector  arrongerr^ents  was  then 
determined  from  the  equotionS; 


w  here 


Source  on  the  ground,  detector  in  the  air 


D  =  q  S  (hp) 

o  o  o  1 

— J 

p 


Source  and  detector  suspended  in  air 


3.  3.  1 


0 

o 


^  q  S  e  ^“B.,(pd)B.  (h,d) 
o  o  /  o 


3,3.2 


D  •  measured  dose  rate  -  R/hour 
o  ^ 

q  specific  irradionce  R/^Our  at  1  ft.  distance 

'o 

S  source  strenqth  m  c  jries 
o  ^ 

^  total  cross  section  for  cobalt -60  rodiotion  (1/448  ft  ) 


p 

h 

d 

(mo) 

BjlM.d) 

B3(^,  d) 


slant  distonce  source  to  detector  (ft,) 
height  of  the  source  ond  detector  (ft.) 
horizontal  source  to  detector  distonce  ) 

□  if  ar'id  ^rOMftd  bidldup  foctor  for  source  on  the  grr)i;nd 

detector  in  the  air  (ste  Ref,  9) 

caicuiated  oi[  ouridup  factor  (see  Ref.  10) 
giound  scatter  coefficienT  (see  Ref.  11) 


Th,e  rr»aA  tfT;wrT-r  d  iff  ere'-  e  ''-‘f  the  se-fce  strenciths  qz  detcrrr.rned  frorri  cacr. 
geOfTietric  arrongeoient  and  the  appropriate  equation  was  less  than  1  3  percent.  The 
oct  iol  eqv.u valent  s'-urce  strength  as  nr^eosured  corrected  for  time  decay  to  Mcrch  1964 


are . 


Source  No,  1 
Source  No.  2 
Source  No.  3 


S3V  curies 
52.  8  cu ries 
5.  28  curies 


3  4  Operating  Procedures 

AM  personnel  erjterinq  the  Radiation  Test  Fac  ility  ore  reO'-u^ea  to  ca.!/ 
both  200  n.r  direct  reading  dosimeters  ond  film  badges.  At  the  beginning  of  on  experiment 
test  exposure  dosimeter.*  are  charged  0'>d  placed  m  vorio  *s  positions  wjthm  or  arounri  the 
test  stfu'Ct-.jie  Ait  persons  wtthin  the  e'ci  jsior;  crea  are  then  or  c  outded  -or  and  prepararions 
are  beg.jfi  for  an  actual  expos>.ire.  The  cjppropfiate  so  container  iS  pa^iMoncd  i^:  its 
proper  location,  ernd  prior  to  ^r'lockncg  rh;;,  i. ontcu ne^r  ?h,g  r).;ter  fence  woniirig  1  ighits  orn 
tijrned  on  artd  o  r  her  rrcide  to  insure  that  rc.^  urea  monitoring  devicfrs  are  operatin.j 


properl  . 

The 

dt»taile(i  occ* ratio-  ■ 

■’  f‘d  .'es  frjih>/ved  ‘n 

the  '.'se 

of  the  Conesc.  n 

Model  r  1  ?6  H/dra  u 

J  (  - )  (  e  1  r  .  i  I ' )  r  1 

So-fon  /ire  pfes'-ojted  i 

n  step  '  f 

^  /  step  fn:>u-tor- 

os  follow  (Reference 

rr-odc  tn  thr*  ‘  i 

•fr>tjtn  diogrcjm  of  f:  J  ;0'  , 

(1) 

hele'  t  th,(‘  proper  ; 

^  'Up',  anti  pump  operating 

spec*ft ' 

h  /  pf  esett .  f  j 

i  -(e  p=:rr>^.  tfol  Ujl  .  t*'.  jnd  hes  Oii  the  p  .fr.puig  f.  onsoh;’. 

(2)  Cofu-nt?  u.#«  p  uftv-iU-  d’re'tl,  to  so  ?  e  tnwoi  t 

Ifise't  u'-  '‘'ni)*  ,  -.'U  r-n  a.'.ur*'My  (d  rnrr  /j  the  iMiet  1  Mif*  of 


thp  i;0'./rc.e  trcvef  !  'Inq 

(3)  Tu  rn  on  puoip^^  f-j;  on  ‘iolenoid  valve  (key  lock  switch)^  and 
o bse f ve  f  ru ve i  o ■  ' f  r  m y  iour c e  t h rn  ;g h  the  t u {. i ng  , 

(4)  Upor-  C.'ifrJl>iet  lor.  of  Steo^  1  thro-.iqh  3,  c  lose  solenoid  remf>vR 

di  ^  m n  y  '.Oi  ,T(  e  f  rom  t .  •  h  *  og ,  ^ t  off  o H  p'j  mps . 

Na?e.  Steps  1  througr.  4  ens  ure  thot  the  tubouj  hos  not  t>een  damaged.  Steps  S  through 
18  shouid  be  performed  by  a  team  of  two  operators  —  one  to  perform  the  operot‘ons,  the 
other  to  rncnitor  the  perfotr^’anc 6,  each  operator  should  ho-e  o  radiotion  Survey  meter. 

(5)  Select  either  the  6,  60  or  oOO  Curie  source  to  be  used.  Be  certain 
thot  source  fs  clamped,  rerrK)vc  shippi  ng  plugs.  Inspect  the  source 
pistofi  leotherand  replace  it  if  necessary. 

(6)  Connect  tubing  from  the  field  to  source  storoge  container  and  from 
the  storage  container  to  the  return  line  of  the  pump  console, 

(7)  Connect  pressure  lead  from  pumps  to  rear  of  source  assembly. 

(8)  Unclamp  source  assembly. 

(9)  Select  and  preset  pumps  to  desired  pumping  speed  by  setting  valves 
on  pumping  console.  Stort  pumps. 

(JO)  Retire  to  control  bunker  and  operate  solenoid  valve  (key  lock  switch). 

(IIJ  Wart  until  exposure  is  complete  and  socice  has  returned  to  storage 
container. 

(12)  Return  solenoid  valve  (key  lock  switch)  to  OFF  position  (pilot  light 
on). 

(13)  Turn  off  all  pumps. 

(14)  Approoch  storage  contoinet  using  hand -he'd  survey  meters,  and 
clamp  source  by  tighten! r^g  source  clamp 

(I5y  Disconnect  pressure  tube  from  source  storage  contoiner,  ollow 
5  rmnutes  for  pressure  to  bleed  down. 

n )  Disconnert  oil  remoming  tubes  from  the  storage  container  and  insert 
shipping  pi  ugs 
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(!7)  Replace  podlocki  cm*  piugs. 

{?8)  Return  to  Step  1  for  next  run^  or  step  5  for  a  re-run. 

3  5  Normalization  of  Data 

All  dosimeter  readings  obtained  were  normalized  to  a  "per  hour  basis” 
for  an  equivalent  contamination  density  of  one  curie  per  square  foof*.  Because  of  the 
large  number  of  dosimeter  readings  to  be  taken  in  the  test  series,  date  normal  Izotlon  was 
programmed  for  the  RCA  301  computing  mochine  In  this  program  dosimeter  readings 
are  converted  to  an  mr/hr  basis  using  dosimeter  calibration  cn  ‘^tonts^  the  exposure  time, 
source  strength,  and  the  atmospheric  temperature -pressure  corrections  covered  in 
Section  3.  2  of  this  report.  The  equation  used  to  correct  readings  of  mil  I  iroentgens 
to  a  standard  cune  per  square  foot  basis  is; 


where 


3.  5.  1 


2 

=  the  normal  ized  data  in  (R/hr)/(curie/ft.  ) 

D  -  the  measured  dose  rates  normalized  to  standard  conditions 
of  pressure  and  tempero^ure 

2 

A  “  area  of  the  contaminated  field  (ft,  ) 

-  source  strength  (curies) 

T*  -  exposure  time  (hoors) 


Is  source  density  of  r  oLaft  prorJi.ices  o  roJTatTon  or~46?  R./Tu  at  o^-Ft  fieigh 


above  on  intimte  brruKjtr*  luntofmiy  cootaminareO  plane 


34 


CHAPTER  fV 


DESCRIPTION  OF  EXPERIMENTAL  DATA 

4.  1  general 

This  report  covers  t*vo  seriet-  of  e^per Tfie  firsJ  wui  devoted 

to  determining  the  dose  rate  above  an  open  field  so  tbot  it  could  be  used  os  a  stondord 
reference  in  the  interpretation  of  later  test  results  obtained  on  actual  structures.  The 
second  series  was  to  evoiuute  the  effects  introduced  by  the  permanent  steel  frame  used 
to  support  the  concrete  slabs  of  the  vorious  test  structures.  Each  of  these  series  of  cxperi- 
ments  were  performed  in  the  same  way  so  that  direct  comporisons  of  results  could  be  mode. 

Unfortunately  it  was  not  possible  to  remove  the  steel  frame  for  the  con- 
ducting  of  the  open  field  tests  and,  os  was  discussed  in  Chapter  2,  the  expe-^imentol  set-up 
was  shifted  75  feet  to  one  side  of  the  steel  frame  for  these  tests  (See  Figure  2.  5),  Other 
than  this  position  change  the  open  field  experiments  were  ser  up  and  performed  in  the 
same  way  as  those  on  the  steel  structure. 

4 .  2  REPRODUCIBILITY  OF  EXPERIMENTAL  DATA 

Since  on  experiment  of  this  type  requires  mony  separate  runs  to  obtain 
a  complete  set  of  data  it  is  importont  to  determine  the  accurocy  to  which  the  data  may 
tye  reproduced.  To  determine  this  accuracy  a  set  of  twenty  "identical*'  experiments  were 
co  nducted  with  variations  in  the  parameters  of  source  size,  temperature,  atmospheric 
pressure,  and  exposure  time.  The  stondord  deviation  of  the  data  was  determined  from 
these  results  These  experiments  were  conducted  during  a  thirty  day  period  in  the  spring 
of  the  /^ear  when  atmospheric  conditions  were  ropidly  changing.  The  center  three  and 
nme  foot  height  detector  positions  within  the  steel  frame  were  used.  Source  exposure 
was  made  in  Area  1.  The  variation  of  experimental  parameters  that  occurred  during  this 
series  of  tests  were, 

Temperature  34.5  -  70^  F 

Atmospheric  pressure  29.34  -  30.05  in.  Hg. 

Exposure  t'me  2.  9  -  42.  8  minutes 
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Source  strength  5,  18  -  52.  4  curies 

Weather  cloudy  to  clear 

still  to  high  gusts 

The  data  obtained  from  these  experiments  was  norrrKjlized  in  the  standard 
nxjnner  (see  Chapter  3)  ond  is  presented  in  Figure  4.  1.  The  standard  deviation  is  2.  2 
and  2.4  percent  for  the  data  obtained  at  three  and  nine  foot  freights  respectively.  Though 
tfve  total  number  or  twenty  experiments  is  smalt  eciough  so  that  there  may  be  a  little  doubt 
as  to  the  occurocy  of  this  standord  deviotion,  the  data  obtained  from  the  open  field  and 
other  experiments  probably  does  not  differ  significantly  from  the  value  obtained. 

4.  3  OPEN  FIELD  TESTS 

To  determine  the  contribution  from  the  test  field  in  the  absence  of  any 
structure,  test  runs  were  made  with  the  quarter  field  tubing  symmetry  described  in 
Chapter  2  (see  Figure  2.  5),  As  it  wos  not  possible  to  remove  the  steel  frame  the  tubing 
field  was  offset  from  the  steel  frame  by  approximate! y  seventy-five  feet  to  obtain  an 
unobstructed  oreo. 

Detector  positions  similar  to  those  established  for  experiments  with  the 
test  structure  were  laid  out  to  create  a  ’’phantom”  arrangement  at  the  apex  of  the  field. 

A  p!on  view  of  this  array  of  stondard  positions  is  shown  in  Figure  2.  The  standard 
arrangement  of  dosimeter  positions  consisted  of  a  grid  of  vertical  arrays  along  the  width 
at  five  selected  dimensions,  and  five  vertical  arrays  olong  the  length  at  five  selected 
positions  for  a  total  of  twenty^five  vertical  arrays.  The  area  occupied  by  dosimeters  is 
44  feet  long  and  32  feet  wide.  These  dimensions  were  selected  to  accommodate  o 
d^jplicote  dosimeter  arrangement  for  use  with  the  steel  frome  sttuctvjre.  The  outermost 
standard  positions  will  thus  fall  Outside  the  building  while  the  remoininq  dosimeter:, 
will  be  inside  the  structure. 

Each  dosimeter  of  the  vertical  arra/  was  supported  and  held  m  position 
uy  being  tied  to  a  vertical  stiing.  The  vertical  strings  in  turn  were  held  in  place  by 
a  s/stem  of  tall  poles  end  rope  rigging  of  minimurr’  rrioss. 

The  instruments  used  were  two  Victoreen  Model  362,  200  mr  Chamber 
Doslrrieters  (at  each  position)  at  elevations  of  1,  3,  6,  y,  i D,  li,  24,  and  JU  teer,  and 
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Figure  4,2  ^  Plon  View  of  Dosimeter  Locotions  for  the 
Op#n  Field  Test 

a  single  dosimeter  at  33  feet  height.  Toe  center  array,  however,  also  contained  two 

dosimeters  at  the  33  foot  height.  Dual  dosimeter  positions  and  replications  of  test 

runs  were  used  as  o  data  check.  The  data  obtained  from  this  series  of  tests  has  been 

.  2 

normalized  to  a  uniform  source  density  (one  curie/h.  )  ond  is  presented  in  Tables  4,  1, 
4.  2,  4.  3,  4.  4,  and  4.  5.  Since  there  was  purposeful  duplications  both  In  test  runs 
and  detectors  during  this  series  of  experiments  the  values  shown  in  the  tobies  ure  the 
medion  values  of  the  test  results  obtained. 


TABLt  4.  1 

OPEN  FIELD  experimental  VALUES 
AREA  0  (R/hr) /(Curie/ft  2) 


Heiglit 

(h.) 

Dose  Rare 

Qijorter  Field 

Dose  Rate 

Fu^  i  Field 

1 

5r?T 

77^ 

39.86 

1  -59.  44 

6 

26.  48 

105.  92 

9 

18.44 

73.  76 

15 

10  19 

40,  76 

18 

7.  91 

31.64 

21 

6.  39 

;  56 

27 

3.  76 

15.  04 

30 

3.21 

12.  88 

33 

2.  70 

10.  80 
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^  CM#tAyK>H  Of  Ti^  S^fefei  S?iiCHJif 

f^lawlng  l-h#  csperfe  fi#id  *^C4ail5femti©¥D'\  fhm  %mjsmd  of  the  bout  csl?“ 
brotiom  vyoi  fm<h.  that  of  cieteTm»nir>9  the  effect  of  the  bore  ^teei  frow  on  the 
jadioli<>n  f»e}d.  A  qt.#Oftei  fJetd  i^ieoUcot  to  that  Hi  the  open  fieSd 

colibralion  was  empiO/ed.  Thh  ^Ifcld  wQ$  laid  Out  with  the  center  of  ff^  structure 
coinciding  with  the  apex  point  of  the  field.  Since  thss  field  was  only  slightly  offset 
from  the  open  f reld  test,  the  physfcol  features  of  the  octuof  gfOund,  os  to  roughness 
end  giound  surface  motenoj,  were  very  near!y  identicai. 

The  san>e  arrangerrent  of  detector  positions  wos  used  for  these  experi¬ 
ments  cs  for  the  open  field  test^.  (The  seme  methods  of  oosimeter  support  wos  also  used). 
The  plan  locations  of  eoch  position  are  shown  in  the  sketch  Figure  4.  3.  The  outside 


Figure  4.  3  Plan  View  of  Dosiftfeter  Locations  for  the 
Skelc?on  Test 


atmy^  m  thm  ccilibrotfiOrv  af  f©$t  stmcfure,  o 

A  £  .Oh^  A  .;.  d->h  -  —  fi  «  &  I  .c^  ^  ^  £  ft  J  aL..«  n  &  ll^_il  A 


half  Tb^  remamii^  nif>€  Ofroy  locotiam  ore  withtn  tri«  srrucTure.  Two 

w%:^  iOcal^  at  po>uti/n  in  an  ufrov  at  heights  of  \,  3,  6,  i3,  18^ 

21,  27,  ond  30  feet,  and  q  single  ck>si meter  was  placed  at  33  feet. 

The  ciok)  obtained  from  this  series  of  experiments  is  presented  in 
Tables  4. 6^  4  7^  4,  8,  and  4.  9  fW  each  exp«?flment0|  oreo  ond  each  detector  focctTon. 

As  in  the  open  field  tests  many  duplicate  reodings  were  obtained  from  test  repiicotions 
and  doubling  up  of  test  instruments.  The  median  results  are  presented  in  these  tobies. 

The  doto  is  normollzed  to  a  contomirKition  density  of  one  curie  per  squore  foot, 

4.5  DOSE  VARIATION  WITHIN  THE  STRUCTURE 

It  IS  of  interest  to  examine  dose  variation  as  o  function  of  position 
within  the  steel  structure.  From  theoretical  considerations  the  ctose  variotion  within 
the  steel  skeleton  should  be  similar  to  the  variation  in  the  open  field  tests  except  in 
regions  where  it  is  modified  by  the  ottenuotion  effects  of  the  structure.  Figures  4.  4 
through  4.  7  show  several  typical  horizontal  and  vertical  plots  of  dose  rate  versus  position 
w'thin  the  steel  structure  orKl  in  the  open  field.  The  dote  is  for  a  full  field  of  contamination 
extending  to  a  rodius  of  432  feet  and  surrounding  the  structure  on  oil  sides  (a  quorter  field 
was  actuoiiy  run  ond  symmetrical  dosimeter  readings  were  added).  Inspection  of  these 
figures  shows  that  the  dose  rote  contour  shapes  for  the  steel  frame  arvd  the  open  field 
are  simtior  except  in  tfw  vicinily  of  the  steel  beams  of  the  structure  where  tte  contour 
sixipes  ore  different. 
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Horizonfol  DiifOnce  'd‘  ft. 


Figure  4,  4  -  Dose  Rate  Distribution  with  Position  -  Horizontoi 

Diogonai  Traverse 
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HwiJontol  ptstorK:#  'd'  ft. 


Figtite  4.  5  -  Dose  Rate  Distribution  with  Position  -  Fterizontal 

Fore  arwl  AH  Traverse 
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CHAPTER  5 

ANALYSIS  AND  INTERPRETATION  OF  DATA 

5.  ]  INTRQDUCTtON 

In  ortter  to  gouge  the  ovcroH  effectiveness  of  a  protective  structure  in 
a  faiiout  fieid,  a  stoodosd  "unpiotaciedi”  po&Ilion  is  needed  for  ^r.onf)pcfison.  The  standard 
unprotected  position  used  for  onol/sis  of  o  structure  is  c  point  3  feet  obove  an  infinite, 
smooth,  uniformly  contami noted  p!aae.  To  obtain  a  quontitotive  estimote  of  the  pro¬ 
tection  afforded  by  a  given  structure  in  a  real  field,  the  dose  rote  at  ony  position 
within  the  structure  is  compared  to  the  dose  rate  that  would  exist  3  feet  above  the  con- 
taminoted  plone  if  the  building  were  absent  and  the  plane  were  smooth  and  infinite  in 
extent. 

Experimental  measurements  have  been  made  (1)  to  determine  the  open 
field  dose  rates  from  o  'real  '  field,  (2)  to  gather  data  so  that  the  ottenuotion  introduced 
by  the  deporture  of  the  field  from  idea)  conditions  can  be  distinguished  from  the 
ottenuotion  introduced  by  o  test  structure  itself,  and  (3)  to  evoluote  the  effects  intro¬ 
duced  by  the  steel  frame  in  which  test  structures  wilt  be  constructed.  Comporisons 
ore  mode  between  experimentally  determined  dose  rotes  and  those  determined  from 
computationol  procedures  based  on  idealized  conditions* 

5.2  DEPARTURE  OF  THE  TEST  FIELD  FROM  IDEAL  CONDITIONS 

12  3 

Theoreticoi  coiculotions  '  "  of  the  radiation  shielding  of  a  structure 
ore  based  on  the  idealized  assumption  that  the  struct urc  is  surrounded  by  on  infinite, 
smooth,  uniformly  contaminated  plane.  The  contaminated  area  used  in  the  experiments 
was  obviously  not  o  ptone  in  any  strict  sense.  Siiice  the  area  deviates  from  the  ideal, 
the  poth  lengths  of  rodiotion  reoching  the  detectors  from  the  area  are  slightly  different 
from  the  ideol  situation.  Also  becouse  of  possible  unevenrsess  of  the  surface,  material 
other  than  oir  might  be  interposed  between  th^^  source  and  the  detector.  If  is  thus 
necessary  to  experimentally  determine  the  effects  of  ground  irreguioritSes  for  the  reo! 


field  so  thof  these  effects  con  be  taken  into  account  when  fe%H  ore  performed  on  various 
>fructijirol  confissiMrotioos*  . 

As  wos  stated  in  Chapter  2  tf«  free  field  e^^riment  was,  of  nece^ity, 
offset  75  feet  from  the  steel  dreleftm  structure.  Upon  physicof  fmpection,  the  two 
tesf  fields  of  sifnulated  contamination  appeared  to  be  Identical.  If  the  two  fields  ore 
idenricoi,  cHttecfor  reodir^s  roken  o?  the  center  of  eoch  field  sf^td  vary  in  the  some 
way  with  the  rodius  of  the  contominoted  oreo  except  for  the  attenuation  or  bock- 
scottering  introduced  by  the  steel  skeleton.  If  the  ottenuotion  of  the  skeleton  is  opproxi- 
motef  y  constont  for  all  mdir  of  contamrncted  oreos,  the  curves  of  dose  rate  versus  rodius 
of  contominoted  area  should  be  parollel  to  eoch  other  for  both  skeleton  and  free  field 
tests.  The  only  locations  within  the  structure  where  the  attenuation  is  approximately 
constant  are  on  the  first  floor.  Detector  positions  on  the  upper  floors  ore  "shadowed” 
to  vorious  degrees  by  the  horizontol  floor  support  structure,  and  the  attenuotion  to  any 
given  source  provided  by  this  floor  Structure  is  dependent  upon  the  source’s  locotion. 
Figure  5.  1  presents  both  open  field  and  steel  skeleton  doto  for  center  detector  locations 
at  heights  of  3,  6,  and  9  feet.  Figure  5.  2  presents  data  taken  at  identical  positions 
in  tests  that  were  not  effected  by  the  stee!  attenuation.  (Position  IE  Figure  4.  2  and 

4.  3).  Inspection  of  Figure  5.  I  and  5.  2  indicates  that  since  the  curves  of  cumulative 
dose  rate  versus  rodius  of  contaminated  field  are  parallel  in  oil  coses  there  exists  no 
significant  difference  in  ground  roughness  between  the  "free  field"  simulated  areas  of 
contamination  and  that  surroundir^  the  test  structure. 

5.  3  FAR  FIELD  CONTAMINATION 

H  is  clearly  impossible  to  extend  the  simulated  areas  of  contamirKxtion 
to  infinite  field  conditions  so  that  direct  comparisons  may  be  mode  with  theoretical 
results,  previous  experiments,  however,  have  indicated  that  a  field  extending  to  about 
ten  times  the  building  height  or  one  meon-free-poth  rodius,  whichever  is  greater,  is 
Sufficient  to  provide  most  of  the  dosage  that  would  hove  been  received  from  a  truly 
infif^ite  field.  If  estimates  of  the  dose  that  originates  from  areas  of  contaminotion  in 
the  "for  field"  (beyond  the  one  mean -free -path  distance)  ore  added  to  the  experimental 
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Rodiut  of  Contomifwitod  Area  (ft) 


Figure  5. 1  -  Do$e  Rate  Versus  Contominated  Area  for  Open  and  Skeleton 

Fields  ”  Center  P^ition 


Oo««  Kat*  from  On*  Quarter  Field 
{R/hr)/(Cori*/ft^) 


20  30  40  50  70  100  200  300  500 

Kodiut  of  Contomirwted  Field  (ft) 


Figure  5. 2  -  Dose  Rote  Versus  Corttominoted  Area  for  Open  ond  Skeleton 

Fields  -  Position  IE 
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dota,  then  rvtutls  iN^iwolont  to  infinit*  fiold  coodtfiont  or*  obtointd.  An  ostimot*  of 
"for  ffetd*  dole  Tot*  ctm  fa*  mode  os  foiiowi;  Tfae  total  dose  orrtvfog  at  onjr  pott Hon 
at  tKe  center  of  o  contominoted  onnutus  of  rodiui  r^,  r.  (we  ngwre  5.  ^  may  fae  written 

OS; 

r  =  r 

£>(h,  r.^.  r^y  *  K  <*»  b. . . )  - 

r=r. 

I 


0(h,  =  dose  rote  at  the  detector  position  of  interest 

h  =  detector  height 

r.  =  inner  rodius  of  the  contomirtoted  ormuius 

I 


Figyre  5.  3  -  Schematic  Diogrom  of  Stnjcture  Irradiated  by  on  AnrHilor 

Contaminated  Areo 
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G(x^,  h,  Q,  b„.  ) 


X  ,  a,  D 

e 


ouliir  radius  of  the  ccntominolod  annulus 

sp^^ific  irrodionce  f*-  from  one  curie  source) 

geometric  and  barrier  shielding  introduced  by  the  test 
structure 

factors  dbsccibtng  iKe  stiuclure 

2 

demltx  of  confomirsofion  curiiM/ft. 


KfijrW) 


ifc«^  bu}|<fup  foclof  in  air 
total  lir>ear  coefficient  for  oir 


If  the  dose  buildup  foctor  is  represented  os  o  polynomial  ar>d  if  the  geometry 
ood  barrier  shielding  foctor  G(x^,  h,  b, )  is  assumed  constant  so  that  it  may  be  removed 
from  under  the  integral  sign,  the  eguotion  moy  be  integrated.  The  ossumption  that  the 
shielding  factor  is  constant  for  far  field  radiation  is  reasonable  since  the  ongulor  and 
energy  distribution  (meosured  at  tne  test  structure  face)  of  gamma  rays  originating  from 
locotionsot  rodiol  distances  large  with  respect  to  the  structure  height  are  nearly  independent 
of  radial  distonce.  The  attenuation  h, o,  b,  . .  offorded  by  the  structure  to  these 

gemma  rays  is  thus  essentially  constant. 

The  dose  buildup  for  tor  may  be  represented  by  o  polynomial  expansion 

such  OS: 


where 


B(pp)  =  a^  +  4  a 


p 


p 

V°1°2 


actuol  source  to  detector  distance 
total  cross  section 
experimentolly  measured  constants 


Several  investigators  '  '  hove  determined  these  constonts,  giving  volues 
for  a,  forcing  from  0.  55  at  severot  feet  above  the  interface  to  1,0  ot  altitudes  of  fifty 
feet  or  more  for  values  of  pp^O.  1,  The  simplest  expression  that  odequately  fits  oil 
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of  Ihs  cxistif^  •xporiimntal  data  crt  modorot*  oifitvdot  it  thot  ptosmtod  in  wfottnco  |6). 
This  exprassion  it; 


B(pp)  =  ].0  +  0.55pp  5.3.2 

Sulatituting  this  expression  in  et^tion  5.  3. 1  and  ir^egroting  with 

G(x  ,  h,  o,  b}  hefd  eeratofvt,  the  dose  rote  from  on  onnuior  cor.tarmircted  field  extending 

from  r*  to  r  becomes 
t  o 


0(h.  r.*r^}  =  2wo  I^G(x^,  h,a,  b. .  .)  E^(Hp.)+0.  SSe'^^^i  -  E^Cpp^)  -0.  5.  3. 


where: 


p.  =  slant  radius  - 

I 

I  2  2 

p  ”  slont  radius  =  Jr  -f  h 

I  o 

E^{x)==  exponentiol  integral  of  the  first  kind 


If  the  outer  slant  radius  p  is  allowed  to  go  to  infinity  the  "for  field" 

o 

dose  contaminotion  (that  from  all  sources  lying  beyond  p.)  may  be  calculated  in  terms 

of  fundamental  quantities  ar>d  the  parameter  G(x  ,  h,  o,  b. . .).  An  estimote  of  the  dose 

e 

arising  from  contaminotion  lying  beyond  the  outemxKt  simuioted  anr>uius  con  be  obtoined 
by  muitiptying  the  dose  obtained  ot  eoch  elector  position  by  the  ratio  of  the  calculated 
"far  field"  dose  to  that  calculated  as  arising  from  the  lost  annulus.  The  ratio  of  "for 
field"  dose  rate  to  thot  ol^ained  from  the  outermost  contominated  onrxflus  is  thus; 


D(h,  r^—  w»)  E^  (hp^)  +  0. 55  e'^f*o 


R 


5,3  4 


'I 


p  =  slant  distance  fiom  the  dhstector  to  the  maxitnum  outer 
rodius  the  outermost  simutoted  field 

p.  =  slant  distonce  from  the  detector  to  the  inner  rodius  of 

’  I 

the  oufer  field  simulated 
h  -  the  defector  beighf 

The  resultant  ratio  of  '*far  field''  dose  (the  dose  if  the  field  hod  been  con* 
tominoted  from  the  outermost  rodius  of  the  simulated  orfjo  to  infinity)  to  thot  obtained  from 


outermost  onmjius  simulated  in 

the  experiment  is  presented  in  Table 

5.  1 

TABLE  5. 1 

RATIO  OF 

"FAR  FIELD"  DOSE  TO  THAT  OBTAINED 
FROM  AREA  4  or  4A 

Dosimeter  height 

- - 

Ratio 

Dosimeter  Height 

~m — 

Ratio 

1 

0.  567 

21 

0.574 

3 

0.568 

24 

0.575 

6 

0.569 

27 

0.  576 

9 

0. 570 

30 

0.577 

12 

0.571 

33 

0.  578 

15 

0.572 

36 

0.  579 

18 

0.573 

5,4  OPEN  FIELD  RESULTS 

The  methods  of  experimentally  simulating  on  infinite  smooth  uniformly 
contominoted  plone  represent  only  on  cpproximotion  of  the  ideol  situation^  The  experi* 
mentol  field  is  rK>t  infinite  in  extent,  the  ground  is  not  a  smooth  plane  in  the  mothemotical 
sense,  and  the  condition  of  "uniform  contamination"  is  represented  by  closely  spaced 
lines  of  contwninotion.  The  mojor  p<,*#pose  of  the  open  field  tests  is  to  evaluote  the 
effect  of  thcAe  approx imotiom  on  the  rest  results,  Spencer^  bos  performed  on  cloborcte 
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s«rtet  of  tnotwBntj  method  ctdcvkitiem  of  the  doie  rote  above  kuch  o  field  cootoieioatlon 

with  either  follout.  Cobalt  or  Cesium.  The  results  of  this  colcuiotion,  normolixed  to 

unity  at  three  foot  altitude  ore  presented  os  a  function  of  height  dbove  the  plane. 

8  1 3 

Rexrood  hov  perfcnmed  experiments  and  French  a  Monte  'Corlo  calcutofion  to  evoluote 
the  dose-height  relationship  in  tenm  ol  the  source  demit/  actuoHy  existing  on  the  gfound, 

French's  results  ore  expn^ised  os  the  dose  huUcbp  factor  3  fee!  above  an 

pione  soi#fce  of  contamination  as  a  fiHK«t«an  of  isotope  energy.  His  vaioe  of 

1.  16  for  the  mean  energy  of  cobolt  rodiation  (I.  25  mev)  yields  an  infinite  field  dose 

2 

rate  of  453  (R/hr)/(curie/ft  )  three  feet  above  the  contaminated  plane  for  standard 
conditi^s  of  pressure  and  temperature. 

Rexrood's  cvoluotion  was  performed  by  meosurtr>g  the  dose  rote  from 
sources  located  at  different  distonces  from  o  detector  ond  numericolly  integrating  the 
results.  To  eliminote  the  effects  of  ground  roughness^  Rexroad  placed  his  sources  slightly 
above  the  ground  such  that  no  shodowing  effects  caused  by  minor  variations  In  terrain 
height  would  exist.  The  results  of  this  experiment  ore  presented  in  excellent  detail  in 
reference  (6).  Unfortunately  there  exists  some  question  as  to  the  octuol  strersgth  of  the 
sources  used.  Rexroad  calibrated  his  cobalt  sources  ot  an  ]  1-foot  height  with  the  source 
ond  detector  approximotely  six  feet  apart.  Allowance  for  air  and  ground  scatter  was 
then  estimated  by  ploctng  o  smoll  lead  shield  opproximateiy  eight  inches  thick  between 
the  source  and  detector  and  reoding  the  scottered  dose.  The  difficulty  in  such  a 
measurement  is  thot  the  scotter  introduced  by  the  edges  of  the  shield  con  be  greofer 
than  the  air  artd  grcxind  scatter  one  is  ottemptirtg  to  meosure.  Thus  Rexroad  <d>totns  a 
scotter  component  of  5. 1%  of  direct  beom  while  Clarke^  ^  in  meosurements  token  with 
simiior  geometry,  withexit  the  lead  shield,  reports  about  1/2%  oir  Of>d  grourtd  scatter. 
Since  the  source  calibration  is  dependent  on  direct  beam  volues  oione,  Rcxroad*s  source 
may  be  os  much  os  4.6%  higher  than  the  quoted  votue.  Also,  source  strengths  are 
reported  usirtg  o  value  of  14.  3  Roentgens  per  hour  one  foot  from  a  one  curie  source  rather 
than  the  currently  used  value  of  14.  0.  His  data  nnjst  thus  be  reducfsd  by  these  two 
focters,  o  totoi  of  6. 7  percent,  if  direct  comporisons  with  the  dota  obtoirted  in  these 
present  experiments  U  to  be  modb. 

The  data  <^toined  from  these  experiments  for  certter  detector  locations 
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is  pres«ntcd[  in  Tobte  S.  2  for  eoch  fesf  orso.  This  <kita,  summed  to  infinity,  ond  thot 
cwlculoted  by  %seoeer,  nommlized  fo  ftexrood’s  reArced  volue  of  464  Roent^^r^  per 
hour  3  feet  above  on  infinite  plane  field  fcontominoted  to  o  density  of  one  curie  per 
severe  foot  of  cr^salt-^3)  i*  illustrated  in  Figure  5.  4.  irsspection  of  this  figure  indicates 


TABLE  5.  2 

DOSE  RATE  ABOVE  AN  INFINITE  CONTAMINATED  FIELD 
(R/hr)/(Curie/ft.  2) 


Height  Area  0 
(ft.) 

Area  lA 

Area2A 

Area  3A 

Areo  4A 

For  Field 
(Colculofed) 

Total 

I 

225.6 

51.0 

34.  1 

52  9 

31.7 

18.0 

433.3 

3 

159.4 

54.0 

65.7 

65.5 

54.0 

30.  7 

429.  3 

6 

105.9 

54.2 

69.8 

74.0 

68.6 

39.4 

411.  9 

o 

f 

73.8 

48.4 

69.3 

74.0 

72.  1 

41. 5 

379.6 

15 

40.8 

38.0 

62.0 

74.0 

74.4 

42.  8 

332.0 

18 

31.6 

32.6 

59.8 

75.4 

78.5 

44.  9 

322.  8 

21 

25.6 

28.3 

56.4 

75.4 

77.3 

44.2 

X7.2 

27 

15.0 

22.0 

53.6 

72.0 

78.5 

45.0 

286.  1 

X 

12.9 

19.2 

46.2 

70.8 

81.4 

45.6 

276. 1 

33 

10.8 

17.6 

44.0 

70.8 

82.6 

47.5 

273.3 

Inrter  Radius 

(ff.) 

0.0 

17.9 

32.0 

68.0 

164.0 

452.0 

0 

Outer  Radius 

(ff.) 

17.9 

32.0 

68.0 

164.0 

452.0 

cyo 

oo 

•xCttilent  agreement  of  oH  locotiom  except  the  one  ond  three  foot  leveU.  This  is  to  be 
expected  os  inirKH  voi'iction  in  ground  terioin  (ground  rollir^  effect)  would  introduce 
ihodowing  effects  for  only  the  lower  detectors*  Becouse  of  the  good  ogreement  between 
experiment  ond  theory  it  seems  reasarx^bte  to  use  464  os  the  stondord  volue  of  ck>se  rote 
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HeigKt  Above  Ground  (fr) 

Figure  5,  4  -  Dose  Rate  Above  an  Infinite  Contaminated  Field 

at  3  ft.  height  in  the  ckjsencc  of  ground  effects  for  on  infinite  field  contaminated  to  o 

density  of  one  curie  per  square  foot  of  ccrfwIt-^O* 

Placement  of  a  test  structure  within  a  field  necessitates  the  cleoronce  of 

on  oreo  equivalent  to  the  buiidir^g  plon  area.  The  reduction  in  dose  rate  ot  eoch  centre! 

location  of  the  open  field  may  be  calculated  in  o  straightforword  monrser  by  opplicotion 

2 

of  the  techniques  described  in  tt%  OCO  Engineerif^g  Monuol.  In  the  Ertgifteering  Monuol 
the  dose  rate  obove  o  cieored  rectonguior  oreo  is  expressed  as; 


h)  +  G  (h) 


5.4.1 


where; 


D  ~  Dose  rofe  3  ft.  above  on  infinite  contominoted  field 
o 

L  (h)  =  Infinite  field  dose  rote  os  a  function  of  height  h 

G  (U| ,  h)  =  Cumulative  or^utor  distribution  of  direct  and  scattered 
d  rodiotion  arising  from  below  the  horizon  for  cobalt 

radiation. 
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h 


12 

fttrfifitfar*  oentfSteulHm  fer  coborlt  wawfarticm. 

Sot  id  ongte  froctim  of  th«  cimrod  oreo  m  viowod  ftom 
defeclor  focation 

Detector  height 


The  functiofi  h)  cofcuiared  by  summing  the  direct  or^  sccrttered 

radiation  entering  the  detector  from  oft  oogies  extendtr^  from  u  -  Uj  to  1,  of 
height  if  thus  n^techi  radiotion  that  might  enter  o  detector  by  origineting  euHicte 
the  orea  described  by  scattering  within  the  volume  defined  by  and  the  ground  end 
beir>g  intercepted  by  the  detector,  exact  only  for  the  cose  of  Uj  eguol 

to  zero  and  would  be  expected  to  be  slightly  low  elsewhere.  It  should  olso  be  coutioned 
that  the  onguior  distribution  of  scattered  rodiction  which  are  summed  ore  coicuioted  from 
an  infinite  medio  -  infinite  source  moments  method  coiculation  without  a  density  inter- 
foce  and  thus  ore  not  exact. 

An  estimote  of  the  exp>eri mentally  determined  value  of  G  h)  moy  be 

d  I 

mode  from  the  open  field  experimental  doto  and  equotion  5.  4,  1.  This  estimate  based 
upon  ‘'extrapolated  volues*'  of  the  experimentally  determined  dose  rate  above  the  cleared 
oreo  (representing  the  plan  area  of  the  test  structure)  is  given  In  Toble  5.  3.  The 


TABLE  5.  3 

ESTIMATE  OF  (w,  h  )  FROM  EXPERIMENTAL  DATA 


Detector 
height  (ft.) 

“TolTH - 

angle 

Dose  rote 
from  a  stan¬ 
dard  field  R/hr 
(1/464  curies/ft^) 

TTR) 
Ref.  1 

Gc.(u|,  h) 

coicuioted 
from  exp* 
ebto 

G.k,h) 
calculated 
from  Ref,  12 

3 

.82 

.66 

1.0 

.57 

.55 

6 

.67 

,66 

.90 

.64 

.61 

9 

.54 

.66 

.83 

.71 

.66 

15 

.34 

.63 

.74 

.74 

71 

18 

.27 

.62 

.70 

.79 

.73 

21 

.22 

.60 

.67 

.80 

.74 

27 

.  16 

.59 

.62 

.86 

.75 

30 

.  14 

.57 

.59 

.88 

.76 

33 

.  12 

.56 

.57 

.89 

.77 
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•xperi mental  data  wa$  "extropoloted'*  bock  to  three  foot  height  to  correct  for  ground 
roughnesa  using  the  remits  of  Ref.  }  and  8.  It  should  be  noted  that  the  enperifnentoily 
cbtermined  voiues  of  Oj(u| ,  h)  ore  oil  slightly  higher  than  those  calculated  from  theory 
as  would  be  ctxpected. 

A  second  method  of  computation  that  can  be  used  to  calculate  the  dose 
rate  above  o  cleared  area  is  stated  in  reference  (1)  as; 

=  I  Cp>  5.4.2 

o 

p  “  slant  height  =  j-  ^ ■  ■" 

'-“I 

Wheie  the  other  quantities  are  defined  os  before.  This  expression  is 
developed  from  the  consideration  that  the  equations  representing  the  summed  differcnt»al 
ongular  dose  rote  from  on  infinite  contaminated  field  and  from  an  infinite  field  con¬ 
taining  a  cleared  areo  are  identical  except  for  their  limits  of  integrotions  when  thot 
field  is  surrour>ded  by  an  infinite  media.  The  relationship  is  only  approximate  when 
the  contaminated  plane  is  also  a  density  interfoce,  sim  e  those  gamrm  rays  originating 
at  G  great  distance  must  travel  a  long  distance  to  reach  the  detector  over  a  path  which 
is  not  for  above  the  interface.  These  photons  thus  have  a  large  probability  of  being 
deflected  into  this  interface,  and  when  this  happens  the  distance  between  successive 
interactions  shrink  from  hur>dreds  of  feet  to  a  few  inches  (if  the  interface  is  to  be 
representative  of  ground),  ond  the  probobitity  of  absorption  at  a  locotion  far  from  the 
detector  is  increosed.  The  approximate  reiatiomhip  5.4.2,  bosed  upon  infir^ite  medio 
conditions  with  no  density  interfoce,  would  be  expected  to  give  a  slight  overestimate 
of  the  dose  rate  above  a  cleared  area. 

The  dose  rotes  measured  in  these  experiments  above  the  cleored  oreo  in 
on  infinite  contamirxated  field  are  presented  in  Figure  5.  5  together  with  those  obtained 
from  equations  5.  4.  1  and  5,  4. 2.  Irupection  of  this  figure  irKitcates  thot  a  t  altitudes 
above  approximately  six  feet  extremely  good  ogreement  ts  achieved.  The  meosured 
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\  \  n,  Otito  | 

-  - -  Colculoted  L(h)  Kjj(4^,  h)  ^  G^  j  Eq*  5.  4,  1  | 

-  -  Colcdoted  L  (  -  Eq,  5,4.2| 

I 

^  _  . ^  ^ 

Detector  Height  (ft.) 

Figure  5.  5  -  Dose  Rote  Above  a  Cleored  Rectangle  Representing 
the  Buiidirtg  Plan  Area 


Figure  5.6  -  Dose  Rate  3  ft.  Above  a  Cleared  Circle  venus  Rodius 


in  gtntoly  lim  hakm  tfa>  wiatte  fwadichwl  ty  S.4t2a«d  abow  Ifaota 

piwiictwi  fay  5. 4.  )  ck  was  oxpactod.  Dofoclor  laoding^  of  lowr  oif ihidw  dfOf)  botow 
thot  prsdictod  by  both  methods  os  a  portion  of  the  "fer  fieid"  sources  of  contominatten 
ore  hidden  by  the  minor  voriotion*  in  terrain^  ("ground  roughness"). 

Equations  5. 4. 1  and  5. 4. 2  moy  be  extended  to  predict  the  fraction  of 
infinite  fietd  dose  rate  remaining  after  any  given  oieo  hoi  been  cieorad.  it  should  be 
noted  that  in  equation  5. 4.  1  the  skyshirte  term  is  ossumed  unaffected  by  the  oreo  cieored, 
utxf  it««cd  this  uiMiription  Is  ftue  oniy  for  small  oreas,  this  leiafiotohip  is  not  a  good 
representation  of  the  cose  for  detectors  located  above  targe  cieored  areos.  Plots  of 
equations  5. 4. 1  and  5. 4.  2  ore  presented  for  3  ft.  oltitude  in  figure  5.6  together  with 
the  data  of  Rexroad  and  data  from  these  experiments.  The  values  presented  for  these 
experiments  were  obtained  by  plotting  the  dose  rote  versus  altitude  from  eoch  experimentol 
area  and  extrapolating  to  the  altitude  of  three  feet.  The  effect  of  ground  roughness  at 
the  lower  altitudes  (below  about  six  feet)  is  thus  removed  so  thot  direct  comparisons  may 
be  mode  between  theory,  these  experiments,  and  previous  experiments. 

As  con  be  seen  from  the  figure  excellent  agreement  between  the  theoretical 
arxi  experimental  data  exists.  Equation  5. 4. 1  provides  on  underestimate  of  the  dose 
for  small  rodii  clearings  and  an  overestimate  for  large  radii  as  was  expected.  Simitoriy, 
equation  5. 4. 2,  os  expected,  providn  an  overestimate  of  the  dose  rote  for  any  clearing 
size. 

5.5  COMPUTATION  OF  SKELETON  STHUCTURE 

2, 3 

Ihe  Engineering  Mmual^  type  cotculafions  give  the  reekiction  factor 
at  a  detector  inside  a  strocture  surrounded  by  on  infinite  plane  field  of  contamination. 

They  apply  to  cooes  where  the  walls  and  floors  hove  uniform  thicknesses.  The  reduction 
factor  for  the  cose  of  a  typical  structure  is  the  product  of  a  barrier  foctor  which  depends 
on  the  thickness  of  the  walls  and  a  geometry  foctor  which  depends  on  the  distance  of 
the  detector  from  the  various  walls. 

The  usual  opprooch  to  the  problem  of  shieldirsg  onolysis  is  to  consider 
a  simple  structure  with  only  one  type  of  wall  corrstruction.  The  steel  structure  investigoted 
in  this  nq>ort,  on  the  other  hand,  consisted  of  a  framework  of  8  irroh  floor  beano  ond 
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(  ondi  14  ioch  wwttcal  columitf,  TW  sf»ciftQ  was  4  ktmU  Tb*  EiHiinMering 

Mamict  wthod  it  not  Hwwfoni  dir»ctty  oppikable  to  this  mpariwui.  Howvvwr,  in 
om  QtlMipl  to  occount  for  tho  doM  rato  distribution  in  tho  skoioton  structuio,  o  modification 
of  tho  EoSjinoering  Morwot  onolysis  hoi  been  mode  and  is  prmwnted  in  this  report. 

The  method  given  in  the  monuoi  to  ondyze  a  structure  coinposed  of 
diffeiewt  typ«  of  wotf  con^ruction  is  the  carimuftnl  sector  c^rooch.  The  ozhnuthol 
sector  approach  is  described  in  detail  in  Reference  2.  It  consists  of  colculatir^  the 
azimuthal  sectors  subtended  by  the  detector  for  eoch  different  wall  type,  the  colculotion 
of  a  fictitious  buildiisg  in  which  oil  walls  are  of  this  type,  ond  then  o  summotion  of 
these  results  weighted  by  their  azimuthal  fraction.  The  calculations  for  grouiKl  con¬ 
tribution  for  each  fictitious  building  ore  completed  in  the  usual  monner  orxi  them  adjusted 
by  the  azimuthal  fraction  which  a  wall  occupies  in  the  actual  structure. 

While  a  method  of  analyzing  a  structure  with  different  wall  construction 
is  proposed  in  the  manual  no  mention  is  mode  of  a  structure  with  different  floor  con- 
stfuctionr  Our  first  attempt  to  calculate  the  dMe  rate  in  the  steel  structure  corrsisted 
of  smeoring  the  horizontol  floor  beams.  The  azimuthal  sector  opprooch  was  used  on  the 
vertical  colutims  foimirrg  the  wotls. 

In  this  calculation,  only  detectors  at  the  center  of  the  steel  structure 
were  considered.  The  first  step  is  to  calculate  the  angle  subterrded  by  the  detector  for 
each  individual  vertical  wall  beam  as  illustrated  in  Figure  5.7.  Next,  angles  from  each 
ozimuthol  sector  are  suimned  and  divided  by  the  total  azimuthal  angle  to  obtain  azimuthal 
fractions.  The  building  being  symmetrical,  the  calculations  ore  mtode  for  only  one 
quodront.  Defining  os  the  decimal  fraction  of  blocked  areo,  and  I  -A^  os  the  fraction 
^  open  areo  in  the  wall,  the  resultant  calculations  showed  A^  =  0.  3  and  1  -A^  =  0. 7. 

The  effoctive  moss  thickness  of  the  vertical  beone  wos  calculated  os  follows: 


X 

e 


5.5.1 


where: 

X  =:  effective  mass  thickn^  for  vertical  columrrs  in  the 
quodront 

tnr  rlii«  it  that  floor  systems  ore  usuoUy  uniform  ockI  in  most  common  shielding 
situations  the  relative  dote  contribution  through  the  floor  is  quite  small. 
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W  ==  poundb  par  foot  of  height  of  oil  votticol  stool  columns 

2 

(2  -^  )  *  ratio  of  otomic  chor  go  to  atomic  numbor  for  stool 

{,  -  t^oi  porimotor  of  building  pton 

A  -  froction  of  sliuctuio  occupied  by  vortical  steel  columns 

os  viowod  by  tho  detector 

With  the  above  information  vre  can  proceed  with  the  functiortol  equations 
that  describe  the  calculation  of  dose  rate  within  the  steel  stnicture.  The  functional 
equations  using  the  nototion  of  Ref.  2,  3  are  given  below  (see  Figure  5. 8). 

Ground  contribution  to  the  detector  through  the  walls  of  the  some  story  os  the  detector; 


^9D  “  \ 


^  h)  +  G^(«p)j  (1  -  SJ  +  G^(«p)  +  G^(«,  )j  S^e|  h) 


+  (I  -Ap  ^Gjlu,,  h)  t.  G^{«p)  j  B^(x^  =  0,  h) 


5.5,2 


Ground  contribution  to  the  detector  through  the  wolls  of  the  story  below  the  detector: 


CPB  = 


+  0  -A^)  |Gd(u',.h)  -  Gd(«|,h)|B^(xpB^(K,  =0,1.)  5,5.3 
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Grgw*d  contribution  to  fht  dfctor  through  »Ke  woU«  of  fha  «fory  obov  fti« 


Cqa  * 


„  r” 

r 

i  “G^(w«)  %J  ♦  < 


G^(4iU  )  -  G^(mm) 


h) 


+  (1 


-Ap  [c 


G  («u)  -  G  (uu) 

O  Q 


B  '(xJB  U  =0.h) 
O  O  0  0 


5.5.4 


Totol  gtourxi  contribution  to  the  detectcr; 


C 

9 


■  ^90  ^  ^9B  ^  ^9A 


5.5.5 


where 


G„M 

Gj(«) 

G^(u,  h)  = 
w  = 

h 
S 

u 

E 


the  directional  response  of  atimspheric-scatteted  radiation 

the  directional  response  of  wall -scattered  radiation 

the  directional  response  of  direct  radiation 

a  solid  angle  fraction  (solid  angle/2«)  (see  Figure  5. 8) 

detector  height  above  ground 

tive  fraction  of  radiation  scattered  by  the  wall 

on  eccentricity  factor  depending  upon  length-to-width  ratio 


W 

W 


th0  barrt0r  (hi0ldling  ii>frockiced  by  q  verticol  well  of 

ihtckness  x  Qt  hoighi  h  obovo  the  ground 

0 

the  barrier  shielding  introduced  by  an  overheod  moss 
thickness  to  atmospheric  or  wol  I -scattered  radiation 

the  barrier  shielding  introduced  by  the  floor  below  the 
detector 


A 

z 


percentage  of  open  area  occupied  by  the  vertical  columns 
as  viewed  by  the  detector 


it  should  be  rtoted  that  these  er^tions  are  opplicoble  only  to  a  structure 


of  on  infinite  number  of  stones  where  radiation  from  floors  more  distance  than  th^e 
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iiwmwliotciy  ond  bdow  Hm»  dbt«ctor  hov*  no  tMgnificont  ofloct  on  tKo  raoding. 

h  the  (ooi  situation  this  is  in  gon«ai  true  except  for  detector  locotiom  on  fioea  neor  the 
top  of  the  structure,  in  this  instance  on  odditionol  term  most  be  odded  to  the  equations 
to  account  for  the  dryshine  etdering  thtouji^  the  building  fo^. 

2l  3 

Although  shieidir^  coiculotiom  in  the  Enginetrir^  Marwa!^  are  foised  upon 
1. 12  -hour  follout  spectra,  wrhile  the  skeleton  results  were  obtoirred  using  ccdxilt*^  os 
a  follout  simulant,  Speivcer^  pr^ents  simtlor  curves  for  both  cobaif-60  and  follout  spectra 
so  thot  direct  computations  con  be  mode  of  the  test  corxlitiom  where  coboit  is  used.  For 
the  computotions  the  rrwthods  ond  nomerKloture  of  the  Engineering  Manual  together  with 
functions  evoluoted  for  cobolt-dO  in  Reference  1  were  used. 

The  results  of  o  series  of  computotiom  using  equations  S.  5.  1  through  5.  5. 5 
together  with  the  assumption  that  the  floor  moss  moy  be  smeared  is  presented  in  Toble  5.4 
together  with  thot  obtoirred  directly  from  this  experiment.  Note  that  equation  5. 5.  2 
reduces  to  thot  of  5. 4. 1  for  ihe  case  of  no  building  (here  B  (x  =0,  h)=  L(h)  ). 


TAPiE  5. 4 


THE  DOSE  RATE  FROM  GROUND  BASED  SOURCES  OF  RADIATION 
(l^i  from  o  Stor.dord  Field)* 


Open  Fieio 


Siceleton 


Detector  height 

(ft.) 

Colcv^oted 

(HAv 

Ratio 
Col/ exp. 

Experimental 

(I0U) 

Calculated 

(R/hr) 

Ratio 

Col/exp. 

1 

.45 

- - 

.46 

3 

.59 

.64 

1.'19 

,5i 

.55 

1.02 

6 

.66 

.63 

.96 

.57 

.54 

.95 

9 

.66 

-62 

.94 

.53 

.53 

1.00 

15 

.63 

.59 

.94 

.47 

.34 

.72 

18 

.62 

.57 

.92 

50 

,35 

.70 

21 

.60 

.56 

.93 

50 

.38 

.76 

27 

.59 

.53 

.90 

.42 

.26 

.62 

30 

.57 

.50 

.88 

.45 

.67 

33 

.56 

.49 

.88 

.46 

.31 

.67 

produce  I  at  on  altitude  of  3  feet  above  it. 


(  curie$/ft^  Co-60). 
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AgrMwnf  btw—n  colcwtotion  and  oafMHimant  is  oxcallanl  fm  Hw 

opon  fldd  and  on  tha  Bnr  floor  tfia  dcaloton  shruchna  ^Ifti  fha  eolcuiolad  data 

goneraliy  tailing  slighHy  lowfor  thon  fhot  moasurad)  but  not  voiy  good  for  flit  up^r  floors. 

From  tha  discussion  of  Section  5. 4  tbe  prodtctad  dote  rotas  ewe  expoctod  to  fedt  dighify 

below  those  measured  for  dtave  ground  positions.  This  effect  con  be  attributed  ta  the 

tact  that  the  <|uortttty  G  .(u)  is  computed  neglecting  the  rodiotion  that  sootten  to  the 

d 

detector  from  the  air  volume  defined  by  the  detector  and  the  Boor  plan  area.  The  eftact 
of  neglecting  this  component  should  grow  lorger  with  increosing  dosimeter  height  os 
this  volume  contoim  mote  and  more  oir.  Thus,  with  the  exception  of  the  detector 
voiues  in  the  lowermost  locations  which  ore  affected  by  ground  roughrtess,  the  difference 
between  experimental  and  calculated  values  is  os  expected  from  theory. 

Sirtce  good  agreement  is  shown  on  the  first  floor  of  the  steel  structure 
but  not  on  the  upper  floor  locations  it  is  evident  that  the  proposed  method  of  handling 
floor  inhomogeneity  by  smearing  the  moss  of  the  floor  and  computing  a  barrier  factor 
based  on  this  smeoied  moss  is  rxst  adequate.  A  second  op^oximote  formulation  for  the 
barrier  factor,  similar  in  some  respects  to  the  azimuthal  sector  method  used  for  vertical 
barriers,  moy  be  mode  os  follows.  The  equivalent  barrier  factor  for  on  inhomogerxxis 
floor  is  set  equal  to  the  sum  the  barrier  factors  for  each  homogenous  portion  of  the 
floor,  weighted  by  the  fractional  area  of  that  section  of  the  floor.  Thus; 


W 

"  ®o^fP^I  *  ®o^*‘f2^^2  *  5.5.6 

where 

W 

=  weighted  barrier  fetefor  for  inhowxsgenous  floors 

KK) 

=  barrier  factor  of  the  oreo  of  the  floor 

A 

n 

fraction  of  total  floor  area  of  the  n^^  oreo  of  the  floor 

SimiloHy,  (x^),  the  barrier  factor  for  on  overheod  moss  con  be  computed.  When  these 
new  coiculotiortt  ore  performed,  the  barrier  foctors  ore  changed  from  0. 29  to  0.  7IS8  for 
B*^  orxi  from  0.  27  to  0.  760  for  B^.  These  voiues  ore  quite  rreor  whot  is  octuoily  experienced 
in  the  stnictuies.  The  dose  rote  os  illustrated  in  Figure  5. 9  just  above  ond  below 
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OoM  Rat* 


Figure  5.  9  -  Dose  Rote  Above  the  Cleored  Rectangular  Area  Representing 
the  Building  Plan  Area  *  Open  Field  and  Steel  Skeleton 

the  structure  floors  varied  by  obout  0.  75  to  0.  85.  If  the  new  colcuioted  values  ore 
now  substituted  in  e<^jotion$  5, 5,  3  and  5, 5.  4  in  place  of  the  smeared  borrier  factors 
for  floor  and  ceiling,  the  computed  dose  is  fourKi  to  agree  quite  well  with  that  experi* 
mentoily  measured.  This  is  iilustrated  in  Table  5.  5* 

Note  that  the  calcuioted  dose  now  shows  foirly  good  agreement  with  that 
meosured  -  the  dose  beir^  in  general  slightly  tower  os  expected.  Toble  5.  3,  5. 4  ond 
5.  5  does,  however,  mosk  the  effect  of  ground  itH^hness  on  the  lower  exf^imentol  volues. 
A  more  votid  comparison  moy  be  mode  by  comporing  the  ratio  of  calculated  values  of 
the  steel  skeleton  divided  by  the  colcuioted  volues  of  the  oper\  field  with  o  simitar  ratio 
computed  from  experimental  doto.  This  is  presented  in  Toble  5.6,  This  ratio 
^removes”  nof  only  the  effect  of  ground  roughn^  but  otso  the  fact  thot  urxteresti motes 

the  direct  rodiotion  component  in  the  colculation  (see  Section  5.  4). 

The  extremely  good  ogreement  shown  (both  in  mc^nitude  and  voriotion 
with  detector  iseight)  in  ToUe  5.6  between  experimentol  ornl  ccxrputed  ratios  indicotes 
that  the  computatiorxii  method  represented  fay  equations  5,  5, 1  through  5,  5,  6  is  vol  id 
ond  quite  occuiate.  The  major  inoccurocy  of  this  method  for  **thin“  structures  is  coused 
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TABLE  5A 


RATIO  OF  SICELETON  DOSE  RATE  TO  THAT  OBTAIN©  IN 
THE  OPEN  FIELD 


Detector  height 

_ if*) 

Floor 

Expert  montoi 

Shieiding* 

Element 

Colculated 
(using  5.5*o) 

3 

1 

*93 

C 

6 

1 

,84 

Z 

.85 

9 

1 

.88 

z 

.85 

15 

2 

76 

Ch 

.  76 

18 

2 

.80 

C,  H 

.75 

21 

2 

.83 

C,H 

.80 

27 

3 

.72 

Z,H 

.69 

30 

3 

.79 

C,H 

.  74 

33 

*  r  _ _ 

3 

.80 

i_r  — r _ 

CH 

.76 

_ r _ L^L  j  _ - 

*  C  refers  to  vertlc^  columm,  H  refers  horizontal  beams ,  Item  of  proboble 
dominarKe  is  underlined. 


by  the  fact  that  h)  u nearest! mates  the  ’‘direct”  radiation  for  values  of  Uj  (the 

solid  ongle  froction  of  the  cieoied  orea)  greater  than  0. 

As  Q  further  test  of  the  use  of  the  area  weighted  borrier  factor  for  the 
floor  ond  ceiling  attenuation^  a  calculation  wos  performed  to  determine  the  dose  rote 
at  an  off  center  position  at  15,  18,  ord  21  foot  heights^  Becouse  of  the  conrplexity  of 
the  calculation  only  one  position  at  three  detector  heights  were  computed.  This  position 
3B  or  30  (see  Figure  4*  3)  was  on  the  loogitudinol  centerline  of  the  building  and  offset 
eight  feet  from  the  cer^ter.  The  off  center  computation  was  performed  using  the  “position 
variotion”  merthod  described  in  Reference  2.  This  procedure  involves  dividing  the 
building  into  quodrants  surrounding  the  detector  locotion  and  colcuioting  the  ground 
contribution  for  eoch  quadrant  by  assuming  that  the  detector  is  at  the  center  of  o 
fictitious  structure  four  times  the  size  of  each  quadrant.  The  total  contribution  for  all 
four  fictitious  structures  are  then  added  the  sum  divided  by  four*  The  functionol 
equotion  describir^g  each  radiation  component  has  been  previously  presented  os  equations 
5,  5,  1  through  5.  5,6. 

The  results  of  this  computation  ore  presented  in  Toble  5. 7  together 
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tAWE  5.7 

DOSE  RATE  AT  POSITION  3B  or  30  FROM  A  FULL  STANDARD  FIELD 


Oatectof 

height 

Experi  mental  iy 
determined 
d<^  rate 
iVlw 

Coicuiated 
dose  rate  i^r 
using  Eq.  5.  5.  t 

Colculoted 
dose  lote  uunq 
smeared  ftoon 
and  ceiling 

15 

0.48 

0.46 

0.40 

18 

0.50 

0.  45 

0.40 

21 

0.49 

0.44 

0.  39 

with  the  experimentoi  data  obtained  from  this  present  program. 

Inspection  of  this  toble  shows  that  the  floor  attenuation  o$  determined  by 
eguofion  5,  5.6  is  much  more  accurate  than  that  obtoined  by  using  a  “smearing”  technique 
for  off  center  as  well  as  center  locotions.  The  slight  variation  between  calculoted  and 
experimentally  measured  values  of  dose  rote  can  probably  be  attributed  to  the  fact  that 
the  theoretical  voiue  of  the  “direct"  radiation  Gj  (uj,  h)  is  lower  than  that  actually 
experienced  (see  Section  5.4), 


77 


CHAFTEK6 


CONCLUSIONS  AND  RECOMMENDATIONS 


6.1  GENERAL 

THe  purpose  of  this  study  has  been  three  fold;  first  to  perfoim  u  se«ies 
of  standard  experiments  designed  to  "colibrate"  the  rodiotion  test  field  of  the  Protective 
Structures  Development  Center;  secondly  to  obtain  data  upon  the  variation  of  dose  rate 
with  height  to  greater  heights  than  previously  measured;  and  third!/  to  determine  the 
best  con^tationai  procedures  for  handling  the  inhomogeneity  introduced  into  o  test 
structure  by  its  supporting  skeleton.  Two  mojor  test  series  were  undertaken  to  achieve 
these  goals.  The  first  series  of  tests  consisted  of  measuring  the  dose  rate  near  the  center 
af  a  contamirated  field  of  452  foot  radius  both  with  and  without  a  cleared  area  repre¬ 
senting  the  test  structure  plan  area.  The  second  .'eries  of  tests  consisted  of  measuring  the 
dose  rate  at  identical  positions  from  a  duplicate  contaminated  field  surroundirrg  the  steel 
skeleton  of  the  test  structure. 

6.2  CONCLUSIONS 

The  mojor  corKlusions  that  can  be  drawn  from  this  work  may  be  summarized 

as  follows: 

1.  The  dose  rate  at  starnkird  conditiortt  of  pressure  and  temperature 

(P  =  760^^f  T  =  32° F),  three  feet  above  an  infinite  field  contaminated  to  a  density  of 
one  curie  of  Cobalt-60  per  square  foot,  and  in  the  absence  of  ground  roughness  is  464 
Roentgens  per  hour.  This  value  agrees  well  with  that  previously  measured. 

2.  The  decrease  in  dose  with  height,  neglecting  grourrd  roughness  effects, 
agreed  well  with  that  predicted  by  the  moments  type  calculations  of  Spencer  0tef.  1), 

3.  The  minor  variation  from  flatness  of  the  experimentoi  field  at  the 
Protective  Structure  Development  Center  couses  the  dose  rote  to  be  reduced  by 

approximotely  0.68,  0.  88  and  0.  97  at  one,  three  and  six  foot  heights  respectively. 

4.  The  ogreement  between  theoretical  arrd  experimental  values  of  the 
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doce  rat*  dbov*  o  cicarad  ar«g  reprasenting  th«  building  plan  ana  it  within  12  parconf. 

5.  The  exporimantaily  dotenninad  voluot  of  th*  cumulative  angulor  dit^ 

tribution  function  Gj(w^  H)  are  os  much  os  14  percent  higher  thon  calculated  volum.  This 
it  to  be  expected  since  the  theoreticoi  caiculattor^  m^lect  radiotion  scattering  to  the 
detector  from  the  air  volume  bounckKl  by  the  detector  and  ih*  cLaontd  atao.  . 

6.  The  predicted  dose  rate  reduction  obtained  3  feet  ai^ve  a  uniform 
contaminated  field  by  clearing  a  circle  of  radius  r  (solid  angle  Froction  u)  os  predicted 

by  the  theoretical  relationship  L  (  j— — )  is  conservative;  ond  os  predicted  by  the  relation-' 
ship  L(h)  j^Gj(u)  +  G^J  is  not  conservative  for  radii  te&k  than  about  one  meon  free  poth. 

7.  The  attenuation  effects  introduced  by  the  steel  skeleton  of  the  test 

structure  may  be  predicted  to  good  accuracy  using  o  modified  form  of  the  "Engineering 
2  3 

Manual"  '  style  calculations. 

8.  The  azimuthal  sector  method  of  computing  the  effect  of  variations  in 
wall  thickness  is  accurate  to  within  approximately  ten  percent. 

9.  The  method  found  best  to  represent  the  effects  of  inhomogeneities 
in  floor  and  ceiling  slobs  (  for  the  cose  of  very  thin  floors)  is  thot  of  computing  on 
overall  barrier  factor  by  summing  the  area  weighted  barrier  foctors  for  each  section  of 
uniform  moss  density.  Thus; 
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effective  floor  or  ceilirtg  barrier  factor 
2 

total  floor  area  (ft. ) 

2 

the  area  of  the  floor  having  a  moa  density  x  (ft) 

th  2 

the  moss  density  of  the  n  oreo  ibv^ 

the  attenuation  introduced  by  o  floor  or  ceiling  of  mass 

density  x 
'  n 

the  totoi  number  of  floor  or  ceiling  areas  of  different 
thickr^s 
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6.3  RfCOMMENOATiONS 


Th»  mafor  rtcowmiwfatiom  racutting  from  this  study  aro  that; 

1 .  Tha  hiffction  L  ( |~}  be  usad  os  a  conSMvotiva  attioiote  of  tha  dosa 
rata  obova  a  claorad  ofao. 

2.  A  birfhar  study  should  ba  mada  to  occurataly  datannina  tha  votuas  of 

tha  cuamlotiva  oagular  distribution  poramatar  for  difOCt  fodlatiotv  1^, 

3.  Tha  "area  waighting"  tachniqua  of  computing  barrier  factors  for 
inhomogerKKjs  roof  and  floor  slabs  should  ba  investigated  further  to  determine  its  applicability 
over  a  wide  range  of  floor  thickrross  variations. 

4.  Tha  value  of  464  l^hr  be  used  os  the  starsdaid  volua  for  tha  dose  rata 
above  an  infinite  smooth  plana  contamirwtad  to  a  density  of  one  curia  par  foot  squared 
of  cobalt-60  radiation. 
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APKNDiX  A 


PUMP  CALIBRATION 

Rot*  of  fluid  output  frem  the  Hillt-McConnQ  metering  type  pump  con  be 
voried  by  chongli^  the  speed  control  setting  on  the  VTckers  ucricd^o-speed  drive  ond^or 
changing  the  piston  stroke  length.  For  most  operotions  the  re<|uired  puir^  output  con  be 
obtained  with  full  piston  stroke  inches)  for  each  of  the  four  ptimp  feeds  and  varying 

output  with  the  variable  speed  drive  only.  However,  for  flow  rates  less  thon  0.02  Ifc^ec 
the  pump  stroke  must  be  shortened  in  addition  to  redbcing  output  RPM  of  the  variable 
speed  drive. 

Output  of  the  pump  for  different  variable  speed  drive  positions  and  pump 
strokes  were  measured  by  weighting  the  amount  of  fluid  dischorged  over  known  time 
intervals.  This  measured  output  converted  to  a  pound  per  second  basis  os  well  as  to 
equivalent  fluid  velocity  within  a  3^  inch  I.  D.  tube  is  shown  in  figure  A-1. 

Ourirrg  a  series  of  "dummy  source"  check  tuns  on  the  "open  field"  arrd 
the  "structure"  tubir^  areas,  data  was  taken  of  the  measured  dummy  source  velocity  rhicvtgh 
the  tubing  versus  variable  speed  drive  settir^  «  well  os  on  octuol  times  (Figure  A-2) 
required  to  push  the  dummy  source  through  each  of  the  areas  for  several  variobi e-speed 
drive  vettings.  Additional  points  were  added  to  these  curves  as  exposure  rur>s 
were  mode  with  the  Co-60  sources.  Velocity  of  the  dummy  source  in  the  tubing  was 
measured  by  placing  a  100  foot  tape  beside  the  tubir^  and  timing  the  passage  of  the 
"dummy”  over  a  krsown  distartce. 
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